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HYBRIDIZATION OF TRITICUM AND AGROPYRON 
VII. NEW FERTILE AMPHIDIPLOIDS' 
By F. H. Peto? anp G. A. Younc?® 


Abstract 


Fertility was induced by means of colchicine treatments in sterile intergeneric 
hybrids of the following wheat varieties crossed with Agropyron glaucum: 
T. vulgare var. Mosida, Ruby, Milturum, and Kharkov 
T. durum var. Mindum and Black Persian 
T. turgidum 
T. dicoccum var. Vernal 
T. pyramidale 
Three methods of applying colchicine were compared and the ‘‘capsule’”’ method 
was found to be the most economical and effective. 


Introduction 


A fertile amphidiploid of Triticum vulgare var. Kharkov X Agropyron 
glaucum was produced in 1937 by heat treatments (3). Colchicine treatments 
were used with slightly better results in 1938 and 1939 when fertile amphi- 
diploids of Vernal emmer X A. glaucum were produced (4). Cytological 
studies at that time revealed that the chromosome number was approximately 
doubled and that a high proportion of the chromosomes formed bivalents 
at the reduction division. The method of applying the colchicine was similar 
to that used by Myers (2). Dry seed was placed in Petri dishes on blotting 
paper moistened with 0.1, 0.2, or 0.4 % aqueous solution of colchicine for 
24 hr. 

In the experiments reported below, Myers’ treatment was again used and 
compared with two other methods. One of these was suggested by Dorsey (1) 
and consisted of germinating the seeds on moist blotting paper in a germinating 
chamber at 18°C. At various stages from emergence of the epicotyl until 
it reached 20 mm. in length, the seedlings were immersed in a 0.2% solution 
of colchicine for various durations from 5 to50 min. In some cases penetration 


1 Manuscript received December 11, 1941, 
Contribution from the Division of Biology and Agriculture, National Research Laboratories, 

Ottawa, Canada. This contribution forms part of a co-operative investigation on the hybridization 
of Triticum and Agropyron undertaken by the Dominion Experimental Farm and the National 
Research Council of Canada. N.R.C. No. 1040. 

2 Cytogeneticist, National Research Laboratories, now on loan to Buckerfield’s Limited, 
Vancouver, B.C. 

3 Laboratory Assistant. 
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of the solution was facilitated by the use of a partial vacuum which permitted 
the use of the shorter treatment periods. This method was frequently used 
following Myers’ seed treatment when the resulting seedlings failed to show 
any effect. 

A capsule method devised for use on dicotyledonous plants was also used 
on seedlings just prior to tillering. This treatment was used only on plants 
on which neither the seed treatment nor immersion method appeared to have 
been effective. Gelatine capsules, commonly used for pharmaceutical prepara- 
tions, were coated with collodion to prevent dissolution. These were filled 
with an agar gel solution containing 0.1 or 0.4% of colchicine. The stems 
of the seedlings were cut off about two centimetres above the ground level 
and the capsules containing the gel were slipped over this short stem. In 
this way the colchicine was absorbed into the stem and presumably affected 
the primordia of the new tillers being formed at nodes just below the ground 


level. 
Observations 


A total of 273 F, hybrid seeds of various Triticum—A. glaucum crosses 
produced at the Division of Forage Plants, Central Experimental Farm, 
Ottawa, Canada, were treated either as seeds or seedlings.. These hybrids 


are listed in Table I in which is also recorded the number of fertile plants 


resulting from all the treatments. Twenty-eight fertile plants were produced, 
which is 10.3% of the seeds or seedlings treated. These results are very 
much better than those obtained the previous year (4) by Myers’ seed 


- 


TABLE 
F, HYBRID MATERIAL USED FOR COLCHICINE TREATMENTS AND THE NUMBER OF FERTILE PLANTS 
PRODUCED 
: Number of Chromosome Number of 
Hybrid seeds number fertile plants 
Turkey red xX A. glaucum (1087) 5 42 0 
Yaroslav x A. glaucum (1087) 7 35 0 
Mosida xX A. glaucum (1087) 20 42 1 
Mosida X A. glaucum (A38) 20 , 42 0 
Kharkov xX A. glaucum (A38) 5 42 1 
Ruby xX A. glaucum (1087) 6 42 2 
Milturum X A. glaucum (1087) 24 42 1 
T. pyramidale X A. glaucum (1087) 11 35 1 
T. turgidum 49 X A. glaucum (1087) 12 35 3 
T. turgidum 49 X A. glaucum (A38) 11 35 4 
Vernal emmer X A. glaucum (1087) 2 35 1 
Vernal emmer X A. glaucum (A38) 17 35 4 
Mindum X A. glaucum (1087) 57 35 3 
Mindum X A. glaucum (A38) 61 35 6 
Black Persian X A. glaucum (A38) 8 35 1 
Black Persian X A. intermedium (A39) 7 35 0 
Totals 273 28 


NoTE: Average success = 10.3%. 
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treatment method which resulted in only one fertile plant from 237 treated 
seeds. When the percentage of success from treatments of pentaploid 
(2n = 35) and hexaploid (2m = 42) hybrids was calculated separately, it was 
found that fertility occurred in 11.9% of the pentaploids and only 6.2% of 
the hexaploids. 


The plants that exhibited fertility in the greenhouse subsequent to treat- 
ment are listed in Table II. It will be seen that the immersion method (III) 
and the capsule method (IV) gave the best results and that all but one of the 
amphidiploids were pentaploids. 

Records were kept on the order of emergence of the tillers bearing partially 
fertile spikes. It might be assumed that the first tiller appearing after treat- 
ment would most likely exhibit fertility, particularly where the capsule 
method (IV) was used. Actually any of the first six tillers produced in the 
greenhouse were likely to be partially fertile. In fact, fertility may not appear 
until the second crop as is shown by the occurrence of fertile spikes in plants 
that had been entirely sterile in the greenhouse and were then transplanted to 
the field. 


The anthers on the fertile sectors of the plant were large, plump, and 
dehisced normally, while the anthers on the sterile portions-were small and 
thin and never shed any pollen. Consequently the fertile sectors of the 
spike could be readily detected at the time of flowering. In one spike, only 
a single anther dehisced which shows how small the amphidiploid sector can 
be and still result in fertility. At the other extreme, whole spikes appeared 
to be entirely amphidiploid since practically all of the anthers dehisced 
normally. This situation is reflected in the percentage fertility recorded in 
Table II where the figures vary from 3.1 to 50%. 


After harvesting the seed from all the plants exhibiting fertility in the 
greenhouse, these plants plus 32 others that failed to show any signs of fertility 
in the greenhouse (two from each hybrid) were transferred to the field. At 
harvest all the plants were again checked for fertility. 


Twelve of the 13 plants that were fertile in the greenhouse were sterile in 
the field. This indicates either an elimination of the amphidiploid tissue or a 
tendency for tillers to arise from undoubled sectors of.the plant. The lone plant 
that was fertile in the field was No. 48-1, T. turgidum X A. glaucum. Of 
the 32 treated plants that failed to show signs of fertility in the greenhouse, 
15 (or 47%) were partially fertile in the field. This shows that an unex- 
pectedly high proportion of amphidiploid tissue must have existed in the 
plants that failed to produce seed in the greenhouse. If this delayed expression 
of fertility had been suspected, then all the treated plants would have been 
transplanted and the average success of the treatments would have been 
much higher than 10.3%. 

There are at least three obvious factors influencing the degree of success 
of the treatments. These may be stated as follows: (1) the proportion of 
amphidiploid tissue induced by treatment; (2) the location of the amphi- 
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TABLE III 
FERTILITY OF AMPHIDIPLOIDS PRODUCED IN THE FIELD 
Effective |Number| Number} per 
N Hybrid treat- : of 
oO. fertile kernels, 

heads gm. 
19-2 Mosida xX A. glaucum (A38) I or II 2 4 13.0 
20-2 | Kharkov X A. glaucum (A38) I 4 9 16.4 
21-1 Ruby xX A. glaucum (1087) IV 4 59 13.5 
21-2 | Ruby X A. glaucum (1087) IV 2 18 15.7 
25-4 T. turgidum 49 X A. glaucum (A38) Ior II 1 : 10.0 
25-5 T. turgidum 49 X A. glaucum (A38) I or II 2 2° 13.3 
26-7 | Vernalemmer X A. glaucum (A38) I 1 1 15.0 
29-2 Black Persian X A. glaucum (A38) I or Il 9 167 15.8 
31-5 Mindum X A. glaucum (A38) III 1 2 15.0 
32-1 Mindum X A. glaucum (A38) III 3 3 {3.3 
43-1 Mindum X A. glaucum (1087) III 8 8 18.5 
43-2 Mindum X A. glaucum (1087) Ill 1 1 20.0 
48-2 T. turgidum 49 X A. glaucum (1087) III 2 2 16.0 
49-1 Vernal emmer X A. glaucum (1087) Ill 1 1 19.0 
51-8 | Mindum xX A. glaucum (A38) III 1 1 a 

TABLE IV 


RELATIVE EFFECTIVENESS OF TREATMENTS APPLIED BY DIFFERENT METHODS* 


Number 
Treatments fertile Percentage 
treatment plants 
I (Myers) 55 2 3.6 
II (Myers plus immersion) 47 1 | 
III (Immersion) 99 13 13.1 
IV (Capsule) 37 8 21.6 


* Four fertile plants from either treatment I, II, or both combined not 
recorded above. 


diploid tissue in the primordia of the spike; (3) the competition between 
normal and amphidiploid tissue during development. The ‘nteraction of 
these three factors probably accounts for the inconsistencies noted above. 
A comparison of the effectiveness of the four treatments is given in Table IV. 
In assessing the relative merits of these treatments, it should be kept in mind 
that the cumulative effect of a second treatment on the same plant would 
bias to some extent the conclusions in favour of the last treatment which 
was credited with the results in those plants where no favourable response 
was apparent from the first treatment. This situation could not be avoided 
since it was essential to use this valuable and limited hybrid material as 
economically as possible. In spite of these limitations, the following conclu- 
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sions appear to be justified. The capsule method of application of colchicine 
was the most effective, 21.2% of the plants that survived treatment showing 
fertility. It also had the advantage of being least wasteful of valuable hybrid 
seed since the plants were well established before application of the colchicine. 
The cutting back of the primary shoot just prior to normal tillering actually 
stimulates tiller development and the colchicine is absorbed into the region 
of the stem where the primordia of the new tillers are being formed. The 
immersion metiiod is very effective but the roots of the young seedlings are 
needlessly damaged. The chief criticism of the seed treatment method 
(Myers) is that it is wasteful of seed since the most effective dosage frequently 
kills up to 50% of the seedlings. 

The weights of the amphidiploid seed are shown in Table III. The A. 
glaucum seed usually weighs between 5 and 6 gm. per 1000, the amphidiploid 
hybrid seed varies from 10 to 20, while the weights of seed of the wheat parents 
vary from about 32 to 37 gm. per 1000. 

The agronomic possibilities of these new amphidiploids have not yet been 
determined but they will be multiplied and distributed for test as soon as 
possible. The Vernal—A. glaucum amphidiploid was also produced from 
treatments applied in 1938 and subsequently has been multiplied and tested 
to a limited extent at Ottawa, Saskatoon, Edmonton, and Vancouver. 
Sufficient seed is now available for extensive yield trials for hay and pasture 
at several points in Canada. These trials will be organized and supervised 
by the Division of Forage Plants, Central Experimental Farm, Ottawa. 
The observations on the preliminary trials show that this amphidiploid is 
strictly perennial and winter hardy at all the above locations. It is very 
leafy, shows some signs of being drought resistant, and is surprisingly uniform 
in regard to most morphological characters. The fertility is very high and 
good yields of seed have been obtained. Its main fault appears to be the 
shattering rachis and persistent glumes which were inherited from the emmer 
parent. These characters prevent the seed from being readily separated 
from the glumes with an ordinary threshing machine. However, this is the 
only fertile hybrid yet obtained that would cause much difficulty in this 
regard and it should be possible to breed out this undesirable character through 
hybridization with one of the more readily threshable amphidiploids. 

In general, the results obtained to date indicate that fertility can be readily 
induced in sterile F, hybrids of any of the wheat varieties crossed with A. 
glaucum through doubling the chromosome number by means of colchicine 
treatments. Prior to the development of this new method of producing 
fertile amphidiploids, improvement was limited to selection and hybridization 
within and between closely related species. Now the possibility of combining 
characters from related genera has become a reality and the production of 
new and strikingly different forage crops is in the process of being realized. 
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ULTRACENTRIFUGE AND DIFFUSION STUDIES ON GLUTEN' 
A. G. McCatia? AND Nits GRALEN?® 
Abstract 


The molecular characteristics of gluten in sodium salicylate solutions were 
studied by means of sedimentation velocity, sedimentation equilibrium, and 
diffusion measurements. The proportion of total gluten protein molecularly 
dispersed increased with increase in concentration of sodium salicylate up to 
12%, but the dispersed portions had essentially the same sedimentation constant 
(2.5 + 0.15) regardless of the concentration of the dispersing medium. 

The most soluble 25 per cent of the gluten was all molecularly dispersed, but 
was definitely inhomogeneous. The weight-average molecular weight of this 
fraction was 44,000, but there is reason to believe the minimum weight may be 
about 35,000. None of the other fractions was entirely molecularly dispersed, 
the proportion decreasing with decreasing solubility of the fractions. Aggregates 
of many sizes existed in all of these fractions, but only the most insoluble con- 
tained aggregates large enough to cause opacity. Sedimentation constants of 
the molecularly dispersed portions increased slightly with decreasing solubility, 
while diffusion constants decreased markedly. None of the fractions yielded 
normal curves (diffusion diagrams) but the more soluble the fraction, the more 
nearly normal the curve. The inhomogeneity responsible for the varying rates 
of diffusion was due partly to differences in proportion and properties of the 
molecularly dispersed gluten and partly to aggregates. 

All properties showed progressive changes both within and between the arbi- 
trarily produced fractions. These results, therefore, support the hypothesis that 
gluten is a protein system showing progressive and regular changes in properties 
with change in solubility. 


Introduction 


In a recent note (17) attention was called to a few of the results obtained 
in a study of gluten protein using ultracentrifuge and diffusion methods. 
It was pointed out that Osborne’s conclusion (19) that gluten is made up 
of two proteins, glutenin and gliadin, has been rendered doubtful by more 
recent work, but no attempt was made to cover this later literature. The 
more important results may be briefly summarized as follows: 

From 1929 to 1931, there appeared a number of papers in which results 
that were apparently irreconcilable with the earlier conclusions were published 
(4, 6, 11, 12, 25). Various explanations were offered to account for the 
disagreement in results, the most plausible one being suggested by the results 
of Haugaard and Johnson (11) and enlarged upon as part of a general discus- 
sion by Sgrensen (25). According to this hypothesis, gliadin is a protein 
system which can be reversibly fractionated, and is’not an individual chemical 
compound. 

That the original classification of Osborne is inadequate to explain the make- 
up of gluten was further shown by Sandstedt and Blish (23), who advanced 
the hypothesis that gluten was made up of three main dissociable component 


1 Manuscript received November 3, 1941. 

Contribution from the Institute of Physical Chemistry, University of Uppsala, Sweden, 
and the Department of Field Crops, University of Alberta, Edmonton, Alta., with financial 
assistance from the National Research Council of Canada, "Rockefeller Institute, Searle Grain 
Company, Winnipeg, Man., and Wallenberg Foundation. Published as Paper No. 192 of the 
Associate Committee on Grain Research. 
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Research, University of Alberta. 
3 Fil. lic., Institute of Physical Chemistry, University of Uppsala, Sweden. 
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systems, each in turn consisting of a group of lesser dissociable complexes. 
This system, under their conditions, was not reversible. McCalla and Rose 
(18), using gluten preparations in sodium salicylate solutions, and fractional 
precipitation methods, were able to get complete reversibility in the fractiona- 
tion. It was concluded that gluten was a single protein complex. This 
conclusion was criticized by Blish (3) who reported that results obtained by 
fractional solubility studies not only failed to substantiate those obtained by 
McCalla and Rose, but definitely contradicted the evidence afforded by the 
fractional precipitation data. 

At this time the first results obtained with wheat proteins using ultracen- 
trifuge and diffusion methods were reported (13, 14, 16). These-agreed with 
the hypothesis that gliadin was not a chemical individual, and the diffusion 
results definitely supported the conclusions of McCalla and Rose as far as 
they applied to the gliadin portion of the gluten. Results of solubility and 
swelling studies carried out by Kuhlmann (15) led him to conclude that gluten, 
considered as a natural high polymer, represents a complex of proteins forming 
micelles of various lengths. The more insoluble portions of the gliadin are 
made up of longer micelles than the more soluble, but glutenin micelles are 
still longer than these. The 6-gliadin (less soluble) approaches glutenin in 
its properties. It is significant that the author shows a considerable number 
of micelle lengths in diagrammatically representing his ideas regarding the 
nature of the gluten components. 


The osmotic pressure of gliadin solutions was studied by Burk (5). The 
results showed that variation in precipitation temperature resulted in variation 
in the osmotic pressure of the prepared gliadin, and Burk concluded that 
gliadin was inhomogeneous. He also found that the number-average molec- 
ular weight* of well purified gliadin was 41,000 in alcoholic, and 44,000 in 
urea solutions. In a buffered solution of 75% glycerol at 30° C., the number- 
average molecular weight was 67,000; in buffered urethane solution at 0° C., 
75,000; and in salt-free urethane at 25°, 42,000. He ascribed the higher 
results to the presence of aggregates which he says were presumably formed 
from coagulated gliadin molecules present in the preparations. —~ , 

While all of these results agreed in showing that gliadin is not a homo- 
geneous substance, they did not afford direct evidence as to the nature of the 
whole gluten complex, nor were they of immediate value in appraising the 
validity of Blish’s criticisms (3). Further work with sodium salicylate 
dispersions of whole gluten utilizing solubility methods instead of precipitation 
in obtaining fractions led Spencer and McCalla (26) to conclude that Blish’s 
failure to get concordant results with the two methods was probably due to 
the ease with which this protein material is denatured. The resulting loss 
of solubility interferes greatly in the separation of the fractions. By modifying 


* The number-average molecular weight is the average molecular weight obtained by any method 
that in effect involves the counting of molecules (e.g., osmotic pressure). The weight-average 
molecular weight, in contrast, is the average molecular weight obtained by any method that involves 
the weights of the molecules (e.g., ultracentrifuge). For homogeneous material the two averages 
are the same, but for heterogeneous material the weight-average is greater, the magnitude of the 
difference increasing in general with increased heterogeneity (27, p. 343). 


| 
| 


132 CANADIAN JOURNAL OF RESEARCH. VOL. 20, SEC. C. 


the method of making extractions of the gluten, it was possible to get results 
that agreed very well with those obtained earlier in precipitation studies. 


The results obtained by Krejci and Svedberg using the ultracentrifuge 
(13, 14) and by Lamm and Polson (16) using diffusion suggested that these 
methods should yield more definite information regarding the fundamental 
physical make-up of gluten than had hitherto been obtained. The results 
of such studies carried out at Uppsala are reported in this paper. 


Material and Methods 


Two flours were used as the source of the gluten for most of the experiments. 
The first was a commercial patent: flour milled in Sweden. This flour con- 
tained 10% protein and yielded gluten typical of soft wheat, i.e., it was soft 
and very extensible, but of good quality in all other respects. The second 
flour used was experimentally milled from Marquis wheat grown at the 
University of Alberta, Edmonton, Alta., in 1939. This flour contained 16% 
protein and yielded gluten that was of excellent quality in all respects, being 
firm, elastic, and extensible. In this paper, the first flour is referred to simply 
as “‘soft’’, the second as ‘‘Marquis’’. 


The methods of preparation, fractionation, and analysis follow closely 
those described in detail in earlier papers (18, 26). For most of the experi- 
ments, dispersion was carried out in 8% sodium salicylate solution. Most 
gluten preparations were washed from the flour using the method and phos- 
phate buffer of pH 6.8 described by Dill and Alsberg (8) although .0.25% 
sodium salicylate of pH 6.5 was substituted in some of the later preparations 
because this resulted in the removal of a larger proportion of the non-gluten 
proteins (18). After the first few preparations had been studied, the method 
of dispersion was modified to involve as little mechanical manipulation as 
possible, since it was found that the gluten was extremely sensitive to such 
action and was decidedly denatured by treatment much less severe than that 
used in earlier experiments (18, 26). Such denaturation was not indicated by 
solubility changes, but rather by changes in the shape of the sedimentation 
diagrams. Illustrations of this effect are presented in the results. 


Sedimentation velocity determinations were €arried out using the high- 
speed, oil-turbine ultracentrifuge at 65,000 r.p.m. (centrifugal force about 
300,000 times gravity). The temperature was not precisely controlled, but 
varied only between 24° and 28°C. for all but a few experiments. All 
measurements were made using the scale method developed by Lamm 
(27, p. 254) and, wherever possible, concentrations were calculated from . 
the sedimentation diagrams (27, p. 295). 

Sedimentation equilibrium determinations using the low-speed ultracentri- 
fuge were carried out at various speeds. The temperature was kept at 20° C., 
and all measurements were made by the scale method. 


Diffusion determinations were carried out using the steel cell and scale 
method of measurement described by Lamm (16 and 27, p. 254). The cal- 
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culations of diffusion constants were made by the statistical method described 
by Lamm and Polson (16) which gives a weight-average for the diffusion 
constants of a polydisperse system. In addition the Formula 4 of Lamm and 
Polson (16) was used to give the variation of the diffusion constant along the 
experimental curve. All but two experiments were made at 20° C., and these 
two were corrected for the higher temperature and are reported as for 20° C. 
The reasons for selecting sodium salicylate as the dispersing reagent for 
most of the experiments are much the same as those already discussed fully 
elsewhere (7, 18, 22). This reagent is the only one of those that have been 
used extensively for dispersing gluten that is even reasonably satisfactory 
for use in the ultracentrifuge. Experiments with acetic acid, and with acetic- 
acid—alcohol-sodium-acetate solutions are described in this paper. Urea must 
be used in such high concentrations that satisfactory results are difficult to 
obtain from ultracentrifuge studies. It is also necessary to add small quan- 
tities of an electrolyte and this reduces the dispersing power of the urea. 


Results 
PRELIMINARY 


The first series of experiments was carried out using the high-speed ultra- 
centrifuge. A crude preparation of gluten in 8% sodium salicylate was 
centrifuged at 3000 r.p.m. for 20 min. to remove starch, and then used directly 
in the ultracentrifuge. The results obtained showed that the method could 
be expected to give good results. No other salt was needed as the salicylate 
itself removed the electrostatic effects. The results are given in Table I, 
run No. 2. As prepared, the dispersion was opaque, but it clarified rapidly 
as the ultracentrifuge speed increased and was clear before 20,000 r.p.m. was 


TABLE I 
PRELIMINARY CENTRIFUGE RUNS, SOFT FLOUR GLUTEN. ALL DISPERSIONS IN 8% SODIUM 
SALICYLATE 
Centri- Protein** Protein 
Temper- 
fuge , concen- molecularly 
run Material tration, ature, SaoT dispersed, 
No. % % 
2 Crude gluten 0.68 33 2.69 73 
12 Crude gluten 2.00 28 2.59 68 
13 Crude gluten 1.00 28 2.60 68 
22 Gluten from ether extracted flour 1.06 28 2.47 68 
23 Gluten from ether extracted flour 1.12 28 2.54 64 
49* Gluten from ether extracted flour 1.20 26 2.47 64 


Pu Same preparation as No. 22, but stored in refrigerator at 4° C. for three and one-half 
months. 

_.** Unless otherwise stated, concentration of protein in dispersions was determined by the 
Kjeldahl method using: protein = Kjeldahl nitrogen X 5.7, this being the accepted conversion 
factor for wheat, flour, etc. 


+ Sedimentation constants are reported in units of 10-* cm./sec. dyne. 
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4 reached. During the first 20 min. after reaching full speed (65,000 r.p.m.) 
q there was evidence that small amounts of heavier components were sedimenting 
3 faster than the main one. There was also evidence that fat was rising to the 


top of the column, and this was substantiated by the shape of the sedimentation 
diagram. 

Although the runs listed in Table I were not made consecutively, it is con- 

4 venient to consider them together as they represent ‘‘preliminary”’ information 
e required at various stages of the work. 
: Another dispersion was made up in 8% sodium salicylate and two aliquots 
prepared, one containing 2% protein and the other 1%. The results are also 
given in Table I, Runs 12 and 13. These results agree excellently and show 
that concentration did not affect either the sedimentation constant (so) or 
the proportion of the protein that was molecularly dispersed*. During 
subsequent experiments dispersions of lower concentration were frequently 
used. There was no evidence that the soo values were affected. The amount 
of protein so dispersed appeared to be lower than in run No. 2, and this was 
to be expected from the relation between temperature and aggregation found 
by other workers (11, 23) but there is some question as to the significance 
of the difference. Whether the difference between the soo values has any 
significance is doubtful. 

The effect of the fat on the sedimentation diagrams made concentration 

calculations difficult as the base-lines were not well defined. Previous work 
had shown that ether extraction of flour before the gluten was washed had no 
effect on gluten quality (24). This,conclusion is substantiated by the results 
for Runs 22 and 23 which were made on two entirely distinct preparations. 
Except that the flour had been ether extracted, the preparations were treated 
in the same way as that used in run No. 13. The variation of 4% in the 
molecularly dispersed protein cannot be considered important, as it is doubt- 
ful if the concentrations can be determined to closer than 5%. This is parti- 
cularly true when the solvent is a salt solution as concentrated as 8% sodium 
i salicylate, which by its own sedimentation causes uncertainty as to the 
4 position of the base-lines of the curves. 
The preparation used in run No. 22 was stored for 3.5 months in a refriger- 
ator at approximately 4° C. During this time, there was some evaporation 
and the dispersion became quite clear owing to settling of the less com- 
pletely dispersed protein. The preparation was well shaken and dialysed 
against 8% sodium salicylate to correct for the increased concentration 
resulting from evaporation. The results obtained with run No. 49 indicate 
that there had been no material change in the protein during storage. 


* The term ‘‘molecularly dispersed” is applied throughout this paper to the portion of the gluten 
protein that formed the main component in the sedimentation diagram. It will be shown later that 
the remainder of the protein existed in various degrees of aggregation, and this term distinguishes 
between the aggregated and non-aggregated portions. The values given are usually the mean from 
at least three different diagrams obtained at different times after full speed was reached. The con- 
centration of this molecularly dispersed protein was determined from the area under the curve 
and the specific refractive increment. The latter value was determined during the course of the 
present investigation and found to agree very well with the values for other proteins. (Refractive 
twndex = 188 X 107). 
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The sedimentation diagrams obtained after 120 min. at full speed during 
Runs 13 and 22 are shown in Fig. 1. These illustrate the improvement in the 
diagram resulting from ether extraction of the flour. Neither diagram is as 
satisfactory as those obtained for many proteins in dilute salt solutions (27), 
but the sedimentation constant can be calculated just as accurately, and 
the protein concentration reasonably well. 


RUN NO. 13 RUN _NO 
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DISTANCE FROM CENTRE OF ROTATION IN CM. 


Fic 1. Sedimentation diagrams from non-extracted (run No. 13) and ether extracted 
(run No. 22) soft flour. : 


Two other results are worth noting at this point and should be borne in 
mind during the following discussion. 

First, the small amounts of heavier, faster-moving components already 
mentioned were very indefinite as to sedimentation rate, size, and general 


occurrence. Results were not reproducible, and often it appeared that 
sedimentation was negative. This suggested that the apparent components . 


TABLE II 


EFFECT OF TIME OF CENTRIFUGING ON PERCENTAGE PROTEIN CONCENTRATION, CALCULATED 
FROM SEDIMENTATION DIAGRAMS 


— Connie Dispersing Time after reaching full speed, min. 
of protein, 
No. % reagent 40 80 120 180 
12 2.00 8% salicylate 1.48 1.32 1.28 = 
13 1.00 8% salicylate 0.81 0.65 0.70 — 
34 1.14 8% salicylate — 0.76 0.67 0.66 
35 1.19 8% salicylate — 0.62 0.55 0.53 
63 0.83 8% salicylate —_ 0.68 0.55 0.44 
46* 0.99 12% salicylate 1.00 1.00 0.92 0.77 
Gi? 0.52 12% salicylate — 0.51 0.44 0.37 
26 1.18 Acetic acid os 0.94 0.88 0.69 


* Fractions. 
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might not be real, rather, that the scale line displacement was due to convec- 
tion. There did not appear to be any advantage to be gained by making 
detailed calculations for each run, so after the first few runs they were omitted, 
although exposures permitting such calculations to be made were always 
taken. 

Second, there was usually a decrease in the concentration values obtained 
from the successive sedimentation diagrams. This is illustrated by the 
results for a few runs as given in Table II. Frequently the early diagrams 
were definitely asymmetrically expanded towards the right-hand side while 
much of the asymmetry disappeared in later diagrams but did not give rise 
to any definite components. Such disappearance causes a decrease in the 
total amount of protein molecularly dispersed, and this result was usually 
obtained experimentally. 


PARTIAL SPECIFIC VOLUME OF GLUTEN 


In the calculation of molecular weights using sedimentation and diffusion 
data it is necessary to use the partial specific volume of the protein. This 
value is relatively constant at 0.745 to 0.750 for many proteins in aqueous 
solutions (27). The results of the determinations carried out at Uppsala 
are presented in Table III. Unextracted Marquis flour was used and all 
measurements made at 20°C. The values in the first part of the table were 


TABLE III 


PARTIAL SPECIFIC VOLUME OF GLUTEN FROM EXTRACTED MARQUIS FLOUR AT 20° C. 


Salicylate Protein 


Preparation : concen- concen- 
No. Material F tration, tration, Vv 
0 0 
1 Whole gluten, clarified* 8 2.391 0.700 
2a Whole gluten, partially clarified** 8 2.535 0.699 
b Whole gluten, partially clarified 8 1.266 0.698 
c Whole gluten, partially clarified 8 0.633 0.696 
3 As for 2a 12 2.530 0.690 
4 Fraction BIIJ, second fractionation 12 2.160 0.690 
experiment 
5 Whole gluten, partially clarified** 8 2.932 0.701 
Determinations by Professor C. Drucker 
5a Preparation 5 above 8 2.932 0.7016 
b Preparation 5 above (diluted) 8 2.423 0.7018 
c Preparation 5 above (diluted) 8 1.925 0.7017 
d Preparation 5 above (diluted) 8 1.447 0.7013 
e Preparation 5 above (diluted) 8 1.074 0.7009 
f Preparation 5 above (diluted) 8 0.738 0.7003 
g Preparation 5 above (diluted) 8 0.510 0.6999 
h Preparation 5 above (diluted) 8 0.280 0.6994 


* Clarified in low-speed ultracentrifuge at 18,000 r.p.m. for 24 hr. 
** Clarified at 3,000 r.p.m. for three hours. 
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determined by the senior author while those in the second part were deter- 
mined by Professor C. Drucker, using a pycnometer of approximately 40 cc. 
volume and an interpolation formula (9). 

These values are very low as compared with those for most proteins, and 
even lower than that for gliadin reported by Krejci and Svedberg (13). Since 
the values obtained using 12% salicylate as the solvent are less than those 
using 8%, it seemed probable that the solvent had a definite effect on partial 
specific volume. 

This was further investigated (at Edmonton) using gluten from another 
sample of Marquis flour. These determinations were carried out at 25°C. 
The first preparation was dispersed in 8% sodium salicylate and aliquots 
dialysed against 2, 4, 6, 8, and 12% salicylate solutions. The second was 
dispersed in 0.1 N acetic acid, one aliquot dialysed against this solution, and 
a second made up to 60% alcohol and dialysed against a solution of 0.025 N 
acetic acid and 0.05 N sodium acetate in 60% ethyl alcohol. All determina- 
tions were carried out using pycnometers of approximately 40 cc. volume. 
The results are given in Table IV. The values for 12 and 8% salicylate 
agree well with those in Table III although there is less difference between the 


TABLE IV 
PARTIAL SPECIFIC VOLUME OF GLUTEN FROM EXTRACTED MARQUIS FLOUR AT 25° C. 
Protein 
, % 
6a Sodium salicylate 12% 1.990 0.699 
b Sodium salicylate 8% 3.392 0.703 
c Sodium salicylate 6% 1.409 0.711 
d Sodium salicylate 4% 2.135 0.714 
e Sodium salicylate 2% 1.289 0.717 
7a Acetic acid 0.1 N 1.929 0.735 
(Acetic acid) 0.025 N 
b (Ethyl alcohol) 60% 1.284 0.728 
(Sodium acetate) 0.05 N 


values for these two concentrations. It seems likely that the value for 8% 
is slightly low, since the other four values for salicylate yield a straight line 
when plotted, while the result for 8% falls about 0.003 below this line. This 
may be the result of the rather high concentration of protein since Professor 
Drucker found a maximum value of V at a protein concentration of 2.3% 
for the conditions under which his determinations were made. There is no 
question but that salicylate concentration affects the partial specific volume, 
but even the value for 2% salicylate is far below that obtained for most 
proteins. 

The results for the two other solvents, although higher, indicate that the 
partial specific volume of this protein is less than that for many other proteins 
regardless of the dispersing reagent. 
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For purposes of calculating molecular weights the value V = 0.700 is used 
for 8% salicylate and V = 0.690 for 12% salicylate. 


First FRACTIONATION EXPERIMENTS 


The first fractionation experiments were carried out using gluten from 
unextracted soft wheat flour. In the first, a gluten dispersion in 8% sodium 
salicylate was dialysed against 1% salicylate with frequent changes of solution. 
There was a rapid precipitation of protein, and this precipitate was redispersed 
in 8% salicylate. The material remaining in solution was redialysed against 
8% salicylate, and a centrifuge run made with each of the two ‘fractions’. 
The results are given in Table V, Runs 3 and 4. These runs, carried out at 
34° to 35° C., yielded results that were much the same as for the whole gluten 
except that the proportion of the larger fraction (Run 4), which was molec- 
ularly dispersed, was definitely less. This was expected, since the most 
soluble portion of the dispersion had been removed. 


TABLE V 


SEDIMENTATION CONSTANTS GF GLUTEN FRACTIONS FROM SOFT WHEAT FLOUR, ALL RUNS MADE 
IN 8% SODIUM SALICYLATE 


Cent- Protein Protein 
rifuge Fraction concen- molecularly 
run (based on concentration of sodium salicylate) | tration, S20 dispersed, 
No. % 0 
a Soluble after dialysis of 8% against 1% 0.51 2.68 -— 
+ Ppt’d during dialysis of 8% against 1% _—.. 1.02 2.42 64 
AI**  Ppt’d on dilution of 8% to 6.5% 0.20 
6 AII  Ppt’d on dilution of 6.5% to 5% 0.60 2.64 55 
e AIII  Ppt'd on dilution of 5% to 3% 0.99 2.61 88 
8 AIV  Ppt’d on dilution of 3% to 1% 1.00 2.82 106 
9 AV Ppt’d on dialysis of 1% against water 0.50 3.04* 101 


* Four replicate values in poor agreement. 
** Letters merely identify the series of fractions. (See Tables VII and X ). 


This was followed by a more complete fractionation in which fractions were 
obtained by direct dilution of the dispersion in 8% sodium salicylate. The 
concentrations of salicylate used and the results obtained are presented in 
Table V, Runs 5 to 9. All fractions were redispersed in 8% sodium salicylate 
regardless of the conditions of precipitation. The first fraction was very 
small, and gave no measurable results in the centrifuge. Obviously most, 
if not all, of this fraction was aggregated, and sedimented out before full 
speed was reached. The sedimentation constants for the next three fractions 
did not vary significantly, but as the percentage of the protein that was molec- 
ularly dispersed increased with increasing solubility of the fractions, there 
appeared to be definite differences among them. The final fraction, obtained 
by dialysing the 1% salicylate against water, was all molecularly dispersed 
but yielded a higher sa value. The replicate values were in poor agreement, 
however, the final one being no higher than those for the other fractions. 
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The differences in the molecular dispersion of the first four fractions might 
be explained in various ways. The fact that there was no sharp break in 
aggregation between any two fractions indicated that there was overlapping 
of solubility, or that the molecularly dispersed portion was really the same in 
each fraction, but varied as a proportion of the total protein. Thus the molec- 
ularly dispersed protein in all fractions might be considered as gliadin. There 
were reasons for not accepting this explanation, however, chief among them 
being that the sedimentation diagrams for the molecularly dispersed protein 
were not typical of a homogeneous protein. Since later experiments yielded 
a more definite answer to this question, it need not be further discussed here. 

The result obtained with Fraction AV led to a few runs being made on 
extracts of flour and wheat. The results had suggested that the crude gluten 
contained some protein material that sedimented faster than the main com- 
ponent. This was in agreement with the findings of Krejci and Svedberg 
on salt extracts of flour (14). The results with extracts in the present study 
failed to confirm this suggestion, but as it was obvious that much more work 
would need to be done to reach any acceptable conclusions, and as the protein 
involved was definitely not an important part of the gluten complex, these 
studies were abandoned in favour of detailed work on gluten. 


EFFECT OF SALICYLATE CONCENTRATION ON DISPERSION 


In earlier studies it had been determined that the amount of gluten dispersed | 
was proportional to the sodium salicylate concentration used (18) and that 
this value was approximately the same whether the gluten was extracted 
with salicylate of the appropriate concentration or this concentration was 
obtained by dilution of a stock dispersion in 8% salicylate (26). These 
results suggested that the amount of protein molecularly dispersed in the 
first fractionation experiment might have been quite different had each frac- 
tion not been studied in 8% sodium salicylate. 

A concentrated stock dispersion of gluten from ether extracted flour was - 
prepared in 8% sodium salicylate. Aliquots were diluted to 6, 4, and 2% 
salicylate, and other aliquots made up to 10, 12, and 16%. The dilutions 
brought about varying amounts of precipitation, and the precipitates were 
removed before the dispersions were used in the ultracentrifuge. All prepara- 
tions were subjected to the same conditions, and results are presented in 
Table VI. It should be noted that the difficulties in calculating concen- 
trations from the sedimentation diagrams are greatly increased with the use 
of 12 and 16% salicylate solutions but that the increases in molecular dis- 
persion as compared with the dispersion in 8% are undoubtedly significant. 

The decrease in sedimentation constant is difficult to explain when 
considered together with later results obtained in detailed fractionation 
experiments. It seems possible, however, that the state of the same protein 
material is slightly altered by salicylate concentration, as it was found that 
there was a definite difference in partial specific volume of the gluten protein 
in 8 and 12% sodium salicylate. The differences in so are small, and it 
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TABLE VI 


RELATION BETWEEN SALICYLATE CONCENTRATION AND MOLECULAR DISPERSION, ETHER 
EXTRACTED SOFT FLOUR GLUTEN 


Protein 
Centrifuge Protein molecularly 
concentration, concentration, $20 dispersed, 
% % %, 
za 2 0.55 2.66 14 
28 4 1.03 2.70 34 
29 6 1.28 2.61 48 
22 8 1.06 2.47 68 
33 10 2.44 
25 12 1.06 2.45 84 
27 | 16 1.40 2.34 77 


must be concluded that the material that was molecularly dispersed in n each 
salicylate concentration behaved in essentially the same way. 


The proportion of the protein molecularly dispersed varied directly with 
the salicylate concentration. The dispersions, as used in each concentration, 
were opaque but cleared rapidly in the ultracentrifuge. These results, con- 
sidered in relation to those obtained earlier with a similar flour (18, Flour 1) 
lead to the conclusion that any specific concentration of salicylate under 
definite conditions, disperses a definite proportion of the gluten protein, but 
only a part of this protein is reduced to molecular solution. This is best 
illustrated in Fig. 2. At each salicylate concentration up to 8% the protein 
exists in three states: molecularly dispersed, partially dispersed, and non- 
dispersed, and the amounts in each of these states vary with salicylate con- 
centration. The partially dispersed material, however, exists in many dif- 
ferent degrees of aggregation, a fact more clearly brought out by later experi- 


ments. 
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Fic. 2. Relation between concentration of sodium salicylate and gluten protein dispersion. 
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The portion of the protein partially dispersed in 2% sodium salicylate was 
all molecularly dispersed in 8% salicylate. This may be assumed from Fig. 2, 
and it is experimentally proved by results with Fraction AZV (Table V) 
because all. of the protein partially dispersed by 3% salicylate was molec- 
ularly dispersed in 8%. Thus not only the protein that was molecularly 
dispersed in 2% salicylate, but also that which was aggregated, was molecularly 
dispersed in 8% salicylate, and gave essentially the same sedimentation 
behaviour. It is certain that the same effect is found with most of the 
protein partially dispersed in 4% salicylate, and with a portion of that partially 
dispersed in 6%. 

Two important conclusions emerge from this experiment. First, there is 
no distinct break in the relation between protein solubility and salicylate 
concentration as would be expected if the gluten consisted of two or three 
distinct protein species. Second, the same protein material exists in entirely 
different forms under different solvent conditions. The results obtained with 
2% salicylate in the present experiment and with Fraction AJ V, Table V, make 
it impossible to consider the protein involved as an individual substance. 
Since all of this, and more, is included in what has been called ‘‘gliadin” 
and, since there is no sharp break in properties over the whole range of solu- 
bility, the results of the experiment must be considered as direct evidence 
against the existence of major individual protein species in gluten. 


EFFECT OF WASHING, PRECIPITATION, AND CLARIFICATION ON GLUTEN 


The presence in crude gluten of a soluble protein fraction that differs 
markedly from the gluten fraction in properties has been demonstrated beyond 
any question (18, 26). In the present work, it was considered that the removal 
of this fraction in preparation of the gluten dispersions would be advantageous. 
Preliminary work on the solubility of the gluten and non-gluten proteins 
suggested that the non-gluten was soluble in 0.25% sodium salicylate while 


the gluten protein was little, if at all, dispersed by this concentration. An . 


attempt was made to remove the non-gluten fraction by using 0.25% sodium 


salicylate as the washing solution. This proved to be relatively: ineffective - 


because when washing was carried on long enough to remove the non-gluten 
protein, definite signs of surface denaturation of the gluten developed. When 
the normal time of washing, rate of flow, etc., were used, there was little dif- 
ference in the washing effect of the salicylate and the 0.1% phosphate buffer 
commonly used. This is shown in Table VII, Runs 34, 40, and 41. 


It was then suggested that the desired result could be obtained by preparing 
the dispersion in the usual way, then precipitating the gluten protein either 
by dilution to 0.25% salicylate or by salting out with magnesium sulphate 
at 20% of saturation. Both of these methods were tried and the precipitated 
protein redispersed in 8% sodium salicylate. The results are given in Table 
VII, Runs 37 to 39. The sedimentation constant was little affected, but 
the sedimentation diagrams were greatly altered and indicated that the 
extra handling had resulted in considerable denaturation. This is illustrated 
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TABLE VII 


EFFECT OF WASHING, PRECIPITATION, AND PRELIMINARY CLARIFICATION ON BEHAVIOUR OF 


GLUTEN IN THE ULTRACENTRIFUGE. 


ETHER EXTRACTED MARQUIS FLOUR 


Salicylate} Protein Protein 
| Run | concen- | concen- molecularly 
Material Washing solution Precipitated by: Sis. | | Sap 
% % % 
Crude dispersion | 0.1% phosphate Not ppt’d 34 8 1.14 2.61 62 
Crude dispersion | 0.1% phosphate Not ppt'd 40 8 1.19 2.59 59 
Crude dispersion | 0.25% salicylate Not ppt'd 41 8 1.11 2.58 62 
Crude dispersion | 0.25% salicylate Not ppt’d 43 12 1.09 2.51 71 
Redispersion 0.1% phosphate Dilution to 0.25% 37 8 1.28 2.58 _ 
salicylate 
Redispersion 0.1% phosphate Dilution to 0.25% 39 8 1.31 2.51 _ 
salicylate 
Redispersion 0.1% phosphate Salting out 38 8 1.15 2.38 _ 
Clarified 0.25% salicylate Not ppt’d 44 12 1.10 2.49 80 
dispersion 
Clarified 0.25% salicylate Not ppt’d 45 8 £.12 2.62 75 
dispersion 


in Fig. 3, which includes diagrams obtained with a crude dispersion (Run 34) 
and two precipitated and redispersed preparations (Runs 37 and 38). The 
shape of the diagrams made it difficult to determine concentrations and, 
therefore, the proportion of the gluten protein molecularly dispersed. The 
disadvantages resulting from denaturation certainly more than offset any 
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_ Fic. 3. _ Sedimentation diagrams of a crude gluten dispersion (run No. 34), gluten precip- 
ttated by dilution (run No. 37), and gluten precipitated by salting out (run No. 38). All 
runs made in 8% sodium salicylate solutions. 
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advantages resulting from the separation of the non-gluten protein, and as 
the mildest possible treatment of the gluten during precipitation and redis- 
persion caused denaturation, this procedure was abandoned. 

The rapid sedimentation of the aggregated material causing opaqueness 
of all dispersions, and the incomplete molecular dispersion even in 12% 
salicylate suggested that preliminary clarification of the preparations might 
remove most of the aggregated protein, and permit much more definite 
separation of the remaining material. The results of the first fractionation 
experiments indicated overlapping in degree of dispersion among the fractions, 
and this makes any definite conclusions as to the detailed make-up of the 
gluten more difficult to reach. 

A preliminary clarification experiment had been carried out by centrifuging 
a crude dispersion for 18 hr. in a low-speed ultracentrifuge at 18,000 r.p.m., 
using the separation cell described by Svedberg and Pedersen (27, p. 152). 
This prevented the remixing of the heavy aggregated material with the 
clarified dispersion, which was recovered and used in ultracentrifuge and 
diffusion runs. The results showed that the sedimentation constant was 
unaltered (2.51) and the percentage of molecular dispersion increased but 
still far from complete. The mean diffusion constant was 5.30 x 10-™*, 
but as it varied from 3.25 to 6.54 with distance from the position of the 
original boundary, and as the diffusion curve was far from normal (in the 


mathematical sense) it was obvious that this material was very inhomogeneous. — 


Fic. 4. End view of cell used for clarifying dispersions. 


It had also been noted in this preliminary experiment that some, and 
probably most, of the sedimented material formed a tenacious layer at the 
bottom of the cell. It was therefore thought that large cells might be used 
to carry on this preliminary clarification and provide sufficient material not 
only for-use in the ultracentrifuge but also for fractionation and chemical 
analysis. Two cells with their centre parts of Perspex were constructed, 
each having a capacity of approximately 4.5 cc. and the shape shown in 
Fig. 4. The solid material which was rapidly sedimented out collected at 
the bottom and remained there even during the stopping of the centrifuge. 
Since no photographic exposures were required, both cells could be filled with 


* Diffusion constants are reported in units of 10-7 cm.2/sec. 
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protein dispersion and 7 to 8 cc. recovered after clarification. A preliminary 
run was carried out on gluten in 12° sodium salicylate. The material 
recovered was divided into two aliquots, one being dialysed against 12%, 
and one against 8% sodium salicylate. The dialysed solutions were both 
clear, and were used in ultracentrifuge runs. The results are given in Table 
VII, Runs 44 and 45. These show again that the sedimentation constants 
were unaltered (compare with Runs 34 and 43) but that the molecular dis- 
persion was more complete than with unclarified material. The results also 
agreed with those obtained earlier in that there was less protein molecularly 
dispersed in 8% than in 12% sodium salicylate. It must be noted, of course, 
that, as a percentage of the total gluten protein, there was a slight decrease 
in the amount molecularly dispersed, because some of the more soluble portion 
of the gluten was retained with the sediment. It was impossible to correct 
these values because the amount of the soluble protein so retained could not 
be accurately determined. 


ANALYSIS OF, AND DETERMINATIONS ON, FRACTIONS FROM A CLARIFIED 
DISPERSION 


A concentrated dispersion of gluten in 12% sodium salicylate was prepared 
from ether extracted Marquis flour and used in a centrifuge run (after dilution 
of an aliquot) for fractionation and in preparing a bulk of clarified material 
using the cells described in the preceding section. The clarified dispersion 
was also used for a centrifuge run and for fractionation. Samples of crude 


gluten, of crude gluten dispersed in sodium salicylate and precipitated at 


20% of saturation with magnesium sulphate, of the clarified dispersion, and 


of each fraction, were hydrolysed in 20% hydrochloric acid, and amide nitrogen 


was determined. 

The sediment which formed during clarification in the low-speed ultra- 
centrifuge exhibited very distinct characteristics. It was sedimented in two 
general layers which gradually merged into each other. At the bottom of 
the cell was a very tough opaque substance, while at the top of the solid layer 
the sediment was a clear jelly. The jelly was readily redispersed in 8 or 12% 
sodium salicylate, but the opaque material was not. Some of the aggregates 
heavy enough to be sedimented thus yielded a clear dispersion. There appeared 
to be a definite point at which the sedimentation stopped for these particular 
conditions, as recentrifuging the clarified dispersion did not yield any further 
sediment. This was undoubtedly an equilibrium effect which would have been 
altered by varying the conditions. 

It was certain that if this sediment contained material distinctly different 
from that in the clarified dispersion, it should be low in amide content (18). 
Sediment from several runs was collected and in one instance the opaque 
sediment separated from the clear jelly. These samples were also hydrolysed 
and analysed for amide nitrogen. 

Fractionation of both the clarified and crude dispersions was carried out 
by diluting the salicylate first to 4.5%, then to 2.5%, and finally to 0.25%. 
The resulting fractions were redispersed in 12% salicylate. The first fraction 
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from the crude dispersion was clarified in the low-speed ultracentrifuge and 
both the clarified portion and the sediment analysed for amide nitrogen. 
The other fractions all yielded clear solutions on redispersion, and aliquots 
of the protein were used for analysis. 


The results of all amide analyses together with the percentage of the total 
gluten nitrogen involved, and the midpoint of the fraction (18, 26) are pre- 
sented in Table VIII. These results confirm in every respect those obtained 
in earlier work. The opaque sediment (most insoluble fraction of the gluten) 
was the lowest in amide, as expected, and clarification raised the amide content 
of the dispersed protein. Every value obtained fits excellently into the 
relation between gluten fractions and amide content determined in earlier 
work (Fig. 5). The low amide values obtained for the most soluble gluten 
fraction in that work (18) were not encountered here because fractionation 
was confined to the true gluten protein. 


TABLE VIII 
EFFECTS OF CLARIFICATION AND FRACTIONATION ON THE AMIDE CONTENT OF GLUTEN 
PROTEIN 
Percentage Midpoint 
of a of fraction, 
Fraction total % of 
gluten gluten 
nitrogen Ks nitrogen 
Crude gluten (non-dispersed) 100 2.8 — 
Gluten dispersion, precipitated* 92 23.4 46 
Gluten dispersion, precipitated* 93 23.3 46.5 
Gluten dispersion, clarified in 12% salicylate* 65 25.0 60 
Gluten dispersion, clarified in 8% salicylate* 58 25.4 63 
Gluten dispersion, clarified in 8% salicylate* 57 re | 62.5 
Sedimented during clarification in 12% | 27 19.7 13.5 
Sedimented during clarification in 8% 34 20.5 17 
Opaque sediment only 19 17.3 " 9.5 
Fraction I from crude dispersion ; 46 20.1 23 
Fraction I from clarified dispersion 5 — ; —- 
Fraction I sedimented during clarification 22 19.0 11 
Fraction II from crude dispersion 18 25.0 58 
Fraction II from clarified dispersion 26 23.2 45 
Fraction III from crude dispersion 26 27.2 78.5 
Fraction III from clarified dispersion 35 26.1 75.5 


* Precipitated with magnesium sulphate at 20% of saturation, after clarification in low-speed 
ultracentrifuge. 


The results obtained with the protein sedimented out offer perhaps the 
best answer yet found to the suggestion that fractions obtained by precip- 
itation may be adsorption complexes (3). Such sediment forms a fraction 


that is now shown to vary in composition with the amount thrown down. 
Since the analysis of these ‘‘fractions’’ obtained by centrifuging agrees exactly 
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PERCENTAGE AMIDE NITROGEN 


° 20 40 60 


MIDPOINT OF FRACTION AS % 


OF GLUTEN NITROGEN 


The amide content of gluten as affected by position of a in the gluten complex. 
Points obtained in present experiment, solid line in earlier work (18 ). 


with those obtained by precipitation it seems both unnecessary and incorrect 
to assume that adsorption of two (or a few) protein species in different propor- 


tions produces the type of fraction isolated by McCalla and Rose (18). 


The results obtained in centrifuge runs with the crude and clarified dis- 
persions, and with the three fractions of the latter, are presented in Table IX. 


TABLE IX 
SECOND FRACTIONATION EXPERIMENT, MARQUIS FLOUR. ALL RUNS IN 12% sopIuM 
SALICYLATE 
Cent- Protein Protein 
rifuge Fraction " concen- molecularly 
run No. tration, dispersed, Dm 
No. % % 
43 _- Crude gluten dispersion 1.09 2.52 71 _ 
44 —_ Gluten dispersion clarified at 12,000 r.p.m. 1.10 2.49 80 _ 
for 24 hr. 
48 BI Fraction soluble in 12% salicylate, ppt’d by 1.19 2.56 50* - 
4.5% 
46 BII Fraction soluble in 4.5% salicylate, ppt’d by 0.99 2.63 93** 3.30 
2.5% 
47 BIII Fraction soluble in 2.5% salicylate, ppt’d by 0.92 2.45 102 4.89 


0.25% 


* Sedimentation diagrams asymmetrical and base-lines poor. 

** Sedimentation diagrams at 60 and 100 min. after starting were asymmetrical, but indicated 
100% recovery of the protein. 7 
less, falling to 77% at 220 min. 


Later diagrams were more symmetrical, but percentage recovery 
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These results confirm those presented in Table V (obtained using unextracted 
soft wheat flour) except that the proportion of the total gluten molecularly 
dispersed is somewhat less. The most soluble fraction, however, was com- 
pletely dispersed as was the somewhat comparable fraction (AIV) of the 
earlier experiment. The results obtained with the second fraction (Run 46) 
are of particular interest. Complete molecular dispersion was indicated by 
the first two diagrams, but only 77% of the total gluten was so dispersed at 
the end of the run. This apparent decrease, however, was not accompanied 
by the formation of any measurable components. It appears that this protein 
material gradually sediments, and this particular behaviour is evidence in 
support of the thesis that the gluten complex varies regularly in properties. 

Diffusion constants (Do) were determined for the two more soluble fractions, 
and are also reported in Table IX. The difference in these two values shows 
that the mean molecular sizes (or shapes) of these two fractions are much 
more different than is indicated by the slight variation in sedimentation 
constants. This difference is partially accounted for by the presence of 
aggregates in the less soluble fraction, but this is inadequate to explain the 
difference between Deo values of 3.30 and 4.89. If the molecularly dispersed 
particles of Fraction II were of the same size and shape as those of Fraction III, 
the diffusion of these particles alone would have resulted in a higher Doo value 
than was obtained for this fraction. Since the aggregated portions of Fraction 
II must have contributed something to the weight-average Doo , there can be. 
no doubt that the molecularly dispersed particles of the two fractions were 
definitely different in character. This is the most unequivocal evidence of 
difference in the size or shape of fractions of the gluten protein usually called 
gliadin, since both of these fractions are part of this protein. 

It is of interest to note that the diffusion constant of a clarified preparation 
of gluten was lower in 12% sodium salicylate than in 8%. This is the reverse 
of what would be expected from the sedimentation results which showed a 
greater proportion of the gluten molecularly dispersed in 12%, but since ° 
sedimentation rate is lower in 12%, it seems likely that some common factor _ 
may affect both of these determinations. The factor involved may be a 
combination between the salicylate and the protein, a possibility also suggested 
by preliminary electrophoresis experiments. 


MAIN FRACTIONATION EXPERIMENT 


Following the experiments reported in Table VII, considerable work was 
carried out on fractions of gluten obtained in various ways. It was finally 
decided to make a thorough investigation of four fractions of gluten from 
ether extracted Marquis flour obtained by salting out from a clarified dis- 
persion with magnesium sulphate. Clarification in the low-speed ultra- 
centrifuge sedimented out approximately 18% of the total gluten protein. 
Magnesium sulphate solution was added to the clarified dispersion to make 
the solution 3% saturated. with respect to the salt. The precipitate was 
centrifuged and washed; and the solution made up to 5% of saturation with 
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magnesium sulphate. The process was repeated with 8% and 20% of satura- 
tion, each precipitate being centrifuged, washed, and recentrifuged. Approxi- 
mately 7% of the protein remained unprecipitated, but this is non-gluten in 
nature (18). Each fraction was redispersed in 12% sodium salicylate. 

Each fraction was used in sedimentation velocity, sedimentation equilib- 
rium, and diffusion studies. The summarized results are given in Table X 
together with the results for the most soluble fraction of the second fraction- 
ation experiment (Table IX). 

TABLE X 


SUMMARIZED RESULTS OF MAIN FRACTIONATION EXPERIMENT, ETHER EXTRACTED MARQUIS 
FLOUR. ALL RUNS IN 12% SODIUM SALICYLATE 


Conc. Total Weight-average 
of gluten Biman Protein molecular weight 
Fraction}! MgSOu, | protein S20 molecularly Day 
% in dispersed, 
satura- | fraction, om % (a)* (b)** 
tion % 
ci 3 37 0.48 2.57 — 2.14 1,750,000 a 1.27% 
Cc if 5 9 0.54 2.51 _ 3.13 322,000 _ 1.52¢ 
8 12 0.52 2.43 89 4.10 102,000 1.71f 
Cc Hy 20 24 0.54 2.36 100 4.83 45,000 43,000 1.90t 
1.94tt 
26 0.92 2.45 102 4.89 44,000 1.90tt 
* (a) calculated from equilibrium data using formula M, = pg Ee 
(1-Vp)? dx x.c. 


** (b) calculated using formula M = =. and assuming that values determined at 
— Vp) 


24° C. are not significantly different from those determined at 20° C. 
*** Obtained by dilution, second fractionation experiment. 
+ Obtained from M, and Dx data. 
tt Obtained from soo and D2 data. 


There is a definite downward trend in the sedimentation constant with 
increasing solubility of the fractions. This is the only experiment that 
yielded such definite results, but it was by far the most carefully controlled, 
e.g., each dispersion was dialysed against several changes of sodium salicylate 
before being used for any determination, and every effort was made to have 
all conditions as constant as possible. These results show that the molecularly 
dispersed protein in the four fractions was not uniform even in sedimentation 
behaviour and it has already been shown that such protein did not give 
uniform diffusion results. The amount of protein molecularly dispersed 
could not be calculated for the first two fractions because the base-lines 
of the diagrams could not be established. The results with the more soluble 
fractions are in excellent agreement with those for corresponding fractions 
in the second fractionation experiment. 

Diffusion results show a progressively higher rate with increasing solubility, 
but the numerical differences in the results are by no means comparable to 
the differences in molecular weight as determined with the equilibrium cen- 
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trifuge. Since only part of the total protein of the first three fractions was 
included in the sedimentation velocity determinations, diffusion and sedi- 
mentation constants do not apply to the same material. The weight-average 
molecular weight of the most soluble fraction (C JV) is the same within 
the limits of experimental error, whether calculated from sedimentation 
velocity and diffusion data, or from equilibrium data. This confirms the 
conclusion that this fraction is all molecularly dispersed. Since none of the 
other fractions is completely molecularly dispersed, the seo values cannot 
validly be used for calculating molecular weights. There is no question but 
that decreasing solubility is accompanied by increasing proportions of the 
protein in aggregated form. The “molecular weights” for these fractions are, 
therefore, not truly weights for individual molecules. 

The calculation of frictional ratios (f/fo, Table X) gives information as to 
the shape of the molecules (27, p. 10). Because there were varying propor- 
tions of aggregates, it does not, unfortunately, give information as to the 
relative shape of the molecularly dispersed portions of the four fractions so 
it is impossible to draw conclusions as to this very important factor. The 
results obtained show that the mean frictional ratio is greatest for Fraction 
C IV and least for Fraction C J, a result the opposite to that which would be 
expected if Kuhlmann’s conclusions were correct (15). It is also the opposite 
to that expected from a priori reasoning based on most explanations of the 
peculiar properties of gluten. 

This result, however, does not necessarily mean that the basic molecules 
of Fraction C J are shorter than those of Fraction CIV. Fraction C J contains 
a large proportion of aggregates, and these may well be aggregated in bundles 
that have diameters much greater than that of the individual molecule. 
These bundles could quite conceivably be made up of molecules that indi- 
vidually have a higher frictional ratio than those of Fraction C JV, but 


collectively have a lower one. The present results are inadequate to settle’ 


this question, and further speculation appears unwarranted and unprofitable. 


The inhomogeneity of fractions as prepared in this study has already been 
mentioned. The fractions are quite arbitrarily prepared and are not con- 
sidered as representing any true fraction of the original material. The 
validity of this consideration is shown by the detailed results of equilibrium 
determinations presented in Table XI and by the diffusion diagrams in Fig. 6. 
The diffusion ‘‘constants’’ calculated from different parts of these diffusion 
diagrams were not constant for any of the fractions. The variability found 
was as follows: Fraction C J, 0.79 to 3.20; Fraction C IJ, 1.72 to 3.46; 
Fraction C III, 2.72 to 4.56; Fraction C IV, 4.00 to 6.12; recombined frac- 
tions, 1.33 to 4.87. The calculated weight-average diffusion constant for 
the four individual fractions was 3.32, while the experimental weight-average 
for the recombined fractions was 3.36. The latter value was obtained by 
recombining the four fractions in proportion to the total protein of each 
fraction, and carrying out a diffusion determination. 
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TABLE XI 
DETAILED RESULTS OF SEDIMENTATION EQUILIBRIUM RUNS, MAIN FRACTIONATION EXPERIMENT 
Concen- Concen- 
tration tration 
Fraction | x*, cm. of Fraction | x*, cm. of 
protein, dx protein, dx 
% % 
ci 4.87 0.410 0.185 470,000 | C Il 5.58 0.513 0.092 163,000 
4.90 0.418 0.243 600 ,000 5.60 0.515 0.102 179,000 
4.95 0.433 0.353 830,000 5.65 0.521 0.126 216,000 
5.00 0.454 0.486 1,080,000 5.70 0.528 0.155 260,000 
5.05 0.485 0.735 1,520,000 §.75 0.537 0.175 287,000 
5.10 0.533 1.215 2,280,000 5.80 0.546 0.190 304,000 
5.15 0.616 2.083 3,320,000 5.85 0.557 0.233 362,000 
5.16 0.641 3.000 4,590,000 5.90 0.570 0.306 460,000 
5.93 0.580 0.384 565,000 
Weight-average molecular weight 1,750,000 Weight-average molecular weight 322,000 
C Ill 4.81 0.447 0.312 72,100 | C IV 5.59 0.497 0.219 39,200 
4.85 0.460 0.324 72,200 5.60 0.499 0.223 39,700 
4.90 0.477 0.341 72,500 5.65 0.510 0.228 39, 300 
4.95 0.495 0.370 75,000 5.70 0.522 0.238 39,800 
5.00 0.514 0.405 78,300 5.75 0.534 0.248 40,100 
5.05 0.536 0.469 86,100 5.80 0.547 0.262 41,000 
5.10 0.563 0.613 106 ,000 5.85 0.560 0.286 43,400 
$.35 0.603 0.995 159,000 5.90 0.576 0.354 51,800 
5.18 0.638 1.320 198,000 5.94 0.596 0.480 67 ,400 
Weight-average molecular weight 102,000 Weight-average molecular weight 45,000 


* Distance from centre of rotation. 


These results indicate that Fraction C J was the most inhomogeneous, while 
Fraction C IV was the least, as would be expected. That there was overlap- 
ping between Fractions C J and C II, and between C JJ and C III, is not sur- 
prising, since these three fractions each contained both molecularly dispersed 
and aggregated material. Since all of Fraction C IV was molecularly dis- 
persed, however, the overlapping between Fractions C [JI and C IV, although 
not great, is probably a reflection on the method of fractionation, indicating 
that the separation of these fractions is not as sharp as might be desired. 
That the overlapping of these two fractions is not great, however, is definitely 
shown by the detailed molecular weight results presented in Table XI. 

Equilibrium with Fractions C IJJ and C IV was established at 4000 r.p.m. 
and for Fractions C J and C IJ at 1200 r.p.m. In each run, about eight days 
were required to establish equilibrium. Had Fraction C IV been subjected to 
a higher centrifugal force, it seems certain that the inhomogeneity in molecular 
weight results would have been greater. In the present experiment, the con- 
centration of protein at the top of the column was 0.497% and at the bottom 
0.596%, a comparatively small difference that would have been decidedly 
increased with increased speed. Such increased speed would probably have 
reduced the minimum value of 39,200 for the molecular weight, and increased 
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Fic. 6. Diffusion diagrams obtained with the four gluten fractions of the main experiment. 
Points represent the theoretical, normal curve, the solid line is the experimental curve. 


the maximum value. It seems possible that the true minimum is the Sved-- 
berg unit of approximately 35,200, although there is little evidence that this 
unit is significant for proteins that are not homogeneous, globular, and 
crystalline. 

Kraemer (27, pp. 342-353) has discussed the methods of calculating molec- 
ular weights for polydisperse systems, and states that the characterization 
of the degree of heterogeneity is difficult, because sedimentation equilibrium 5 
does not distinguish between a mixture of a few molecular species of markedly 
different weight and a mixture of a great many species differing by small 
increments in weight. He suggests however, that the non-uniformity coeffi- 
cient 8, which is a parameter defining the spread of the distribution of particle 
weight, is useful in characterizing the molecular weight of polydisperse systems. — 
The application of this calculation to the present data has been discussed 
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with Kraemer*, and the results of the calculations are presented in Table XII. 
Before the values for WM, and 6 were calculated, the sedimentation equilibrium 
data were plotted as log c, against x? (27, p. 347). The resulting curves are 
given in Fig. 7. The smoothed data were used in calculating M, and £. 


TABLE XII 

AVERAGE MOLECULAR WEIGHTS AND DISTRIBUTION PARAMETERS FOR MAIN FRACTIONATION 
EXPERIMENT 

Fraction Me M. | B 

cI | 1,750,000 11,900,000 | 6.80 1.97 

CII 322,000 2;840,000 8.82 2.07 

C HI | 102,000 432,000 | 4.23 1.72 

CIV | 45,000 171,000 | 3.72 1.64 


The results, as given in the curves, apparently agree with those of the 
diffusion experiments, and with the degree of heterogeneity as shown by the 
detailed equilibrium results given in Table XI, although Kraemer points out 
that interpretation of these curves is difficult. Fraction C JV appears to be 
the most nearly homogeneous, and Fraction C J, the least. None of these 
fractions, however, is homogeneous. 

The non-uniformity coefficients are very difficult to reconcile with all these 
other results. Even Fraction C IV appears to be very heterogeneous, almost 
as much so, in fact, as any of the examples given by Kraemer (27, p. 353). 
The results for Fraction C IJ appear to be out of line with those for the other 
fractions. This 6 value, however, can be questioned, because a much greater 
degree of smoothing was required with the graph for this fraction than for 
any of the others. 

_ At the moment, no adequate explanation or interpretation of these results 
can be given. It seems possible that some factor not encountered with other 
material may be important with these gluten fractions. It would not be 
surprising to get high 8 values for the fractions containing both molecularly 
dispersed and aggregated protein. It is surprising, however, to get such a 
high value with Fraction C JV. One conclusiop can be reached, however, 
and that is that these results add important evidence in support of the belief 
that gluten is an extremely heterogeneous system. The results for Fraction 
C IV are again, as in earlier experiments, the most convincing because aggre- 
gates do not appear to be present in this fraction. If the 8 value of 1.64 
truly represents the particle distribution of molecularly dispersed protein, 
then this fraction is more heterogeneous than the other results indicate. 

Recently, Gralén (10) has discussed polydispersity as determined from 
diffusion measurements, and proposed a new non-uniformity coefficient, 
¥ which is related to 8 by: y = 8/a, @ being a constant which is less than 3 

* Kraemer, Elmer O., private communication. At the time this discussion was written, 


communication with the junior author was impossible. The senior author, therefore, assumes all 
responsibility for the discussion of B values and the conclusions reached from this discussion. 
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Fic. 7. Curves obtained by plotting log cz against x*. Data from equilibrium runs on the 
four fractions of the main experiment. The solid line is the experimental curve; the deviation 
from a linear relation is also indicated. 


and for very slender molecules approaches 1. He gives y = 0.7 for a prepara- 
tion of gluten protein in 8% sodium salicylate, but unfortunately does not 
give a. The @ for dinitrocellulose was estimated as 1.2 and it seems likely 
that the value for gluten would be considerably higher since the frictional 
ratios indicate gluten molecules to be less thread-like than are cellulose and 
its derivatives. If the @ for gluten is equal to 2 or more, the 8 calculated 
from Gralén’s data would be in fair agreement with that for Fraction C IV. 


It seems unlikely that the inhomogeneity of Fraction C IV is brought about 
by the presence of multiples of any basic unit. The increase in molecular 
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weight must be gradual because all of the protein appears as one component 
in the high-speed ultracentrifuge. This component must be made up of 
portions of markedly different weight, but similar behaviour. The most 
likely explanation is that the length of the molecules varies considerably, 
affecting weight decidedly but sedimentation behaviour only slightly. There 
is considerable speculation attached to this conclusion, but there is also con- 
siderable fact to support it, and many difficulties in explaining it on any 
other basis. The possibility of variable hydration instead of variable length 
of molecules cannot be dismissed. Svedberg and Pedersen (27) discuss this 
problem but no final conclusion is reached. As a matter of fact, there are 
too few data on the physical properties of such proteins as gluten to enable 
one to reach any very definite conclusions. It has been suggested that such 
protein in salicylate dispersion may be a mixture of various degradation 
products, but it is very difficult to accept this suggestion since gluten with all 
the properties of the original material can be recovered from the dispersion by 
salting out. It it is our belief that the characteristics of such a system as 
gluten differ so fundamentally from the properties of the homogeneous globular 
proteins that much more must be done before the divergence in opinion and 
discrepancy in results can be explained. 


SUPPLEMENTARY EXPERIMENTS 


Two further experiments were carried out in an effort to determine whether 
the results obtained with gluten dispersions prepared in sodium salicylate 
solutions were unique for these conditions. 

Arrhenius (2) had made a study“of gliadin prepared in 60% ethyl alcchol 
and concluded it was homogeneous with a molecular weight of 28,300. Later 
he carried out further experiments* which showed some of the earlier con- 
clusions to be in error. Originally he had reported a sedimentation constant 
of 2.0 X 10-™ but more recently had determined it to be 2.6 X 10%. A 
gliadin preparation (about three months old) from Swedish patent flour in 
60% alcohol was supplied by Arrhenius and was used as follows: 

An aliquot was dialysed against 8% sodium salicylate for four days with 
frequent changes of solution. At first, a precipitate formed and rapidly 
settled, but most of this precipitate redispersed as dialysis proceeded. The 
final solution was nearly clear and contained no trace of alcohol. This dis- 
persion was then used in the high-speed ultracentrifuge and for diffusion. 
The centrifuge run gave results that agreed with those already obtained, 
since the sedimentation constant was 2.45 and the diagram similar to those 
obtained earlier. Only 68% of the protein was molecularly dispersed, how- 
ever, indicating considerable aggregation. The mean diffusion constant was 
4.72, but this value varied widely with distance from the original boundary, 
indicating decided inhomogeneity. Thus, the studies on ‘“‘gliadin’”’ yield 
results in excellent agreement with those obtained with preparations in sodium 


* Unpublished results. 
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salicylate, and show the ‘‘gliadin’”’ to be very inhomogeneous. That the age 
of the preparation was responsible for such inhomogeneity is not, it is thought, 
a satisfactory explanation. 

These results, however, were also obtained using sodium salicylate as dis- 
persing agent during the tests. An experiment in which gluten was dispersed 
in acetic acid did not give acceptable results because the solvent failed to 
overcome the electrostatic charge on the protein. This resulted in a low Seo 
value and an asymmetrical diffusion diagram. This effect could not be over- 
come by adding salt because under these conditions the acid lost most of its 
dispersing power. The acetic acid molecularly dispersed 77% of the total 
gluten protein, a result not affected by the electrostatic effects. 

In the meantime, Sandstedt* had supplied the writers with details regarding 
the dispersing solution used by Sandstedt and Blish (23) in numerous experi- 
ments. Gluten was prepared from ether extracted Marquis flour and dis- 
persed in 0.1 M acetic acid. Dispersion was rapid, and an opaque solution 
formed. To this was added ethyl alcohol to make the solution 60% alcohol, 
and finally this solution was dialysed against a solution of 60% alcohol which 
was 1/40 with respect to acetic acid and M/20 with respect to sodium acetate. 
This solvent was the same as that described by Sandstedt, but the procedure 
in preparation was quite different*. It involved the least mechanical manip- 


ulation of the gluten, and yielded the highest proportion of dispersed gluten — 


obtained with any procedure tried. Even so; there was considerable precip- 
itate formed, and eventually only about 50% of the total protein was in- 
cluded in the dispersion studied. The use of a colloid mill for preparing the 
dispersions (as described by Sandstedt) was definitely not satisfactory because 
the excessive mechanical treatment causes much more denaturation than that 
already shown to be very deleterious to the quality of the gluten. 

The dispersion was not successfully used in the ultracentrifuge, but excellent 
results were obtained in a diffusion study. The all-glass cell (20) was used 


because of the alcohol, and the resulis showed that the electrostatic effect was - 


removed, indicating that M/20 sodium acetate overcame the difficulty 
encountered with acetic acid alone. The mean diffusion constant was 
4.44 X 107’, in excellent agreement with results for similar material in sodium 
salicylate. There was great variability, however, in different parts of the 
cell, the value near the top of the diagram being 2.82 and that near the 
bottom, 6.52. Thus, the gluten protein was fully as inhomogeneous in this 
solvent as in salicylate. 


One further experimental result is of interest in connection with what has 
been considered protein ‘‘purity’’. Usually “gliadin” preparations are purified 
by chemical methods. Blish (3) considers that these methods can no longer 
be considered satisfactory as it is certain that changes in the physical proper- 
ties of the gluten take place when alcohol is used at any stage of the preparation. 


* Private communication. 
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Determinations of the nitrogen content of the protein in Fractions C J 
and C IV (Table X) were made. The values obtained, 17.60 and 17.87, 
are fully as high as those obtained for any “purified” preparations (6) and 
higher than many values reported. This is particularly true for.Fraction C I 
which in classical terminology is glutenin. The only purification used for 
these preparations was a preliminary clarification before the fractions were 


produced. 
Discussion 


The results obtained in this study are not in agreement with those of some 
other workers. Krejci and Svedberg (13) found the molecular weight of 
gliadin to be 27,000 in alcohol and aqueous solutions, and concluded that the 
gliadin was not homogeneous. The work of Arrhenius has already been 
mentioned, and his earlier molecular weight values (2) confirmed those of 
Krejci and Svedberg. At present no explanation can be offered for these 
results but later determinations made by Arrhenius agree much better with 
those of the present study. Sodium salicylate, however, has a much less 
deleterious effect on the gluten than have most other solvents (7, 22) and the 
results of the present study are much more comprehensive than any others 
previously reported. In fact, the scope of many experiments carried out with 
gliadin or similar proteins does not permit anything like a complete estimation 
of the properties and make-up of such proteins being made. 


In contrast to the ultracentrifuge results, however, the diffusion results 
reported here agree very well with those of Lamm and Polson (16, 20). Their 
gliadin was definitely inhomogeneous, and the fractions had markedly different 
diffusion constants. Only the most soluble fraction, representing about 8% 
of the gliadin (probably less than 4% of the whole gluten) was homogeneous, 
and inhomogeneity was most marked in the least soluble fraction. The results 
of the present study are of the same type, but they apply to the whole gluten. 
It is also very significant that the actual values for the diffusion constant 
of the more insoluble fractions (not included in Lagiam and Polson’s fractions) 
are much lower than any obtained by these investigators. 


Time did not permit the carrying out of more detailed fractionation, but 
it seems almost certain, when the results reported in this paper are considered 
with those of Lamm and Polson, that a fraction having a higher diffusion 
constant than any prepared in the present study could have been obtained 
had fractionation been carried further. It is quite possible that a small 
soluble fraction would have a molecular weight of approximately 35,000, 
since, assuming the same sedimentation constant as for Fraction C IV, the 
diffusion constant necessary to give this molecular weight would be 6.3, 
a value lower than the maximum obtained by Lamm and Polson (16) and 
approached by the highest diffusion values obtained with Fraction IV. That 
35,000 is approximately the minimum weight of the gluten protein is sup- 
ported by the sedimentation equilibrium results in this study, since the 39,000 
obtained is undoubtedly higher than the true minimum molecular weight. 
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Whether this fact has any importance for such a protein system as this may 
be questioned. 


It is, perhaps, not out of place here to comment on work carried out with 
zein (28), secalin (1), and hordein (21). These proteins are similar to the 
so-called gliadin and results obtained with them should be of value in inter- 
preting those of the present study. 


Watson, Arrhenius, and Williams (28) obtained a mean molecular weight 
of 40,000 for zein, but isolated a fraction with a molecular weight of 35,000. 
The zein preparation was found to be polydisperse. It would appear, there- 
fore, that these results are in entire agreement with those of this study. 


Secalin was studied by Andrews (1), who found the diffusion constant 
to be 4.3 at 20°C. and estimated the molecular weight as 40,000. The 
formula used for calculating the diffusion constant, however, simply assumes 
the diagrams to be normal curves and therefore does not give any information 
on the homogeneity of the protein. That the assumption is unjustified is 
shown by diffusion studies with similar proteins (16, 20, 28). The calculation 
of the molecular weight is also questionable, since the diffusion and sedimenta- 
tion constants will not apply to exactly the same material, unless all of the 
secalin were included in the sedimentation calculations, which seems very 
unlikely. Finally, the amount of impure secalin recovered is a very small 
part of the rye protein, and after purification, the preparations studied repre- 
sented not more than 10%, and probably less, of the whole protein complex. 
The results of the present study show that generalization of conclusions based 
on such preparations is unjustifiable. 


Hordein has been prepared by Quensel and Svedberg (21), in the same way 
as gliadin is usually prepared. No evidence of polydispersity was found, 
while soo = 2.0, Doo = 6.5, and molecular weight = 27,500, assuming the 
same partial specific volume as for gliadin. These results are, therefore, in 
agreement with those of Krejci and Svedberg (13) for gliadin. 


The occurrence of molecular weights of approximately 40,000 to 45,000 for | 


zein (28), for gliadin in urea and alcohol solutions (5), for secalin (1), and for 
a gluten fraction in sodium salicylate in the present study would seem to be 
quite fortuitous. It is quite likely that some factor leading to the separation 
of approximately equal fractions of the total protein complex, e.g., the use 
of 60 to 70% alcohol in most preparations, has been responsible for the similar- 
ity in molecular weights as given above. It should also be noted that the 
method used by Burk (5) gives a number-average molecular weight that will 
differ considerably from the weight-average molecular weight of a hetero- 
geneous dispersion. 


An intermittent discussion of the constitution of gluten has been carried 
on for several years (3, 11, 15, 18, 23, 25, 26) and it is obvious that no generally 
accepted conclusions have been reached. There would seem to be no doubt, 
however, that previous work has shown that experimental evidence is incom- 
patible with the idea of the existence of classical gliadin and glutenin. 
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In the present experiments, evidence of inhomogeneity is not based on the 
appearance of components on centrifuging, but it is none the less convincing. 
For this reason, conclusions regarding homogeneity of any of the seed proteins 
discussed above may be quite erroneous if a single component is taken as 
indicating homogeneity. All detailed diffusion results show these proteins to 
be polydisperse. 

It is believed that the present results add the most convincing evidence yet 
obtained against the existence of two definite protein species. None of the 
results gave evidence of sharp breaks in properties of the whole protein 
complex. It still cannot be stated without qualification that mo major 
protein species exist in gluten because it has been impossible to study the 
molecularly dispersed protein of the less soluble fractions free from aggregates. 
It may be that such isolated molecularly dispersed material cannot be 
prepared from these fractions, but if it could, it would be possible to determine 
definitely what differences exist in the properties of such protein from the 
different fractions. The most promising procedure would appear to be a 
study of fractions clarified for relatively long periods in the separation cell (27) 
because, if the aggregates could be sedimented, the remaining dispersed protein 
from the various fractions could be compared. It seems likely that the mole- 
cules would be progressively longer with decreasing solubility. 


Whether or not this is true, the physical properties of the various fractions 
studied vary enormously. It is believed that such variability cannot be 
explained by assuming that gluten contains three or four protein species, 
appearing in varying proportions ir the different fractions. The results appear 
to be best explained by the hypothesis (18) that the gluten protein is a protein 
system, which varies progressively and regularly in both chemical and physical 
properties. All the results are compatible with this hypothesis and many are 
difficult to explain on any other basis. 
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STUDIES ON THE METABOLISM OF CEREAL GRAINS 


I. THE OUTPUT OF CARBON DIOXIDE BY WHEAT GRAINS DURING 
ABSORPTION OF WATER AND GERMINATION! 


By LEACH? 


Abstract 


The course of respiration during the early stages of germination is recorded for 
a number of varieties of bread and durum wheats. Germination is marked by: 
three consecutive respiratory stages which are characterized by the rate at 
which the acceleration in carbon dioxide output occurs. These stages are 
(a) aslow rate of acceleration, (b ) an increased rate followed by a decreasing rate, 
and (c) a final uniform and relatively high rate. Water absorption rate under 
the experimental conditions used does not appear to affect these respiratory 
stages. The infection of germinating grains by fungi reduces their respiration. 
Possible physiological explanations of the respiration stages are discussed. 


Introduction 


The effects of various factors on the respiratory activity of wheat have been 
the subject of a considerable amount of investigation. This has been due to 
the fact that respiration with its associated release of energy in the form of 
heat appears to be one of the primary causes of spoilage of grain during 
storage. 


Two comparatively recent contributions in this field, both of which are 
primarily concerned with the practical standpoint of grain storage, are those 
of Bailey and Gurjar (1) and Larmour, Clayton, and Wrenshall (2). Bailey 
and Gurjar discuss the various aspects of the respiratory process in con- 
siderable detail and in addition give a comprehensive view of previous liter- 
ature bearing upon the subject of wheat respiration. Their own investigations 
deal with the influence of water content and other factors on the carbon dioxide 
production of wheat under conditions of bulk storage. Larmour and his 
collaborators also examine the effect of water content on carbon dioxide out- 
put, but advance the opinion that the carbon dioxide and heat produced by 
wheat during storage are largely the result of the activity of fungi that infect 
the stored grain. They describe various treatments to reduce or inhibit this 
fungus activity. 


In the present work are described the results of a series of investigations 
made with a view to gaining some knowledge of the respiratory activity of 
the individual wheat grain. Particular attention has been paid to those 
changes in respiration intensity that are exhibited by grain that is under- 
going the process of water absorption and subsequent germination in an 
adequate supply of air. 
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Materials and Methods 


The experience gained by the author, in the course of researches of a some- — 
what similar nature upon a variety of germinating seeds (3, 4, 6, 7), showed 
that the procedure of carrying out experiments in which single individual 
seeds are used presents certain definite advantages in simplicity over 
experiments in which the respiration of groups of seeds is measured. In 
the first place, as different seeds seldom germinate at precisely the same 
rate, changes in respiration intensity which mark germination stages tend to 
be obscured when the respiration of a group of seeds germinating together 
is recorded. Further, where care has to be taken that results are not 
vitiated by the presence of fungus infection, the single seed experiment 
makes the detection of such infection and the determination of its effect a 
relatively simple matter. 

The continuous recording of the hourly rates of carbon dioxide output of 
the seeds under investigation was carried out with a katharometer of a type 
designed and adapted to this work by the author when collaborating with 
Stiles (5). The whole apparatus containing the experimental wheat grains 
was maintained at a constant temperature of 25° + 0.01°C. by immersion 
in a large thermostatically controlled and continually stirred water-bath. 

The procedure adopted throughout the present work was essentially the 
same as that used in previous researches upon other species. Each wheat 
grain, after being weighed, was placed in the katharometer respiration chamber . 
along with 0.5 cc. of distilled water with which it was in contact. Carbon 
dioxide free and moisture saturated air was usually drawn through the chamber 
which was then sealed. Hourly recording of the amount of carbon dioxide 
present in the respiration chamber was automatically carried out during the 
whole period of each experiment. At no time was the concentration of carbon 
dioxide in the chamber allowed to exceed 0.25%. Respiration rates through- 
out this paper are expressed as milligrams of carbon dioxide evolved per gram 
fresh weight of grain per hour. 


The wheat used was provided by Dr. Craigie and his colleagues of the | 
Dominion Rust Laboratory, Winnipeg, Man., and was specially tested and 
selected for freedom from fungus infection. The apparatus used was installed 
with the aid of grants from the National Research Council of Canada and 
from the University of Manitoba Research Committee. 


The Respiratory Changes During Water Absorption and 
Germination of Different Varieties of Wheat 


The course of respiration during absorption of water and germination in 
a number of well known varieties of wheat was first determined in order to 
see if any marked differences in respiratory behaviour existed between them. 
The varieties examined in this way included both hexaploid (bread) and 
tetraploid (durum) forms, their names being: Thatcher, Marquis, and Renown 
(hexaploid) ; Mindum and Iumillo (tetraploid). Fig. 1 shows typical examples 
of the respiration graphs obtained with single grains of these varieties covering 
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RATE OF RESPIRATION 


10 20 30 
TIME, HR. 

Fic. 1. Course of respiration of single grains of different varieties of wheat during germ- 
ination. Expt. 26, Thatcher; Expt. 32, Marquis; Expt. 38, Renown; Expt. 20, Mindum; 


Expt. 23, Iumillo. Respiration rates are expressed as milligrams of carbon dioxide per gram 
fresh weight of grain per hour. 


the period from shortly after they were placed in contact with water until 
they were well germinated, with three roots and the coleoptile each several 
millimetres in length. The numerical data relating to these curves are given 
in Table I. 


TABLE I 
RESPIRATORY BEHAVIOUR OF SINGLE GRAINS OF DIFFERENT VARIETIES OF WHEAT DURING 
GERMINATION 
Thatcher, Marquis, Renown, Mindum, Iumillo, 
Expt. 26 Expt. 32 Expt. 38 Expt. 20 Expt. 23 
Germ’n Germ’n ». | Germ’n :. | Germ’n Germ’n 
time, Resp’n time, Resp’n time, Resp'n time, Resp’n time, Resp’n 
hr rate i rate he rate br. rate hie. rate 
6.0 0.26 =o 0.21 5.5 0.15 9.0 0.13 3.3 0.14 
9.5 0.30 3:5 0.24 8.5 0.18 13.0 0.22 9.5 0.17 
14.0 0.67 11.0 0.37 11.0 0.20 17.0 0.28 14.0 0.18 
20.5 0.93 13.0 0.47 13.0 0.38 21.0 0.31 17.0 0.30 
23.5 1.02 15.0 0.55 15.0 0.64 25.0 0.51 20.0 0.33 
26.5 1.18 i 0.68 7.5 0.78 29.0 0.68 26.0 0.45 
29.5 1.36 20.5 0.73 20.5 0.73 33.0 0.84 29.0 0.54 
oa.5 1.55 23.5 0.87 23.5 0.81 36.5 0.99 32.0 0.65 
35.0 1.77 26.5 1.00 26.5 0.94 46.5 1.45 35.0 0.76 
29.5 ee 29.5 1.11 38.0 0.90 
25.5 1.49 35.0 1.32 
37.5 1.65 
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An examination of these data and graphs reveals the fact that the germina- 
tion process is accompanied by a sequence of three more or less well marked 
respiratory stages which are common to all of the five varieties of wheat used. © 
The first stage is marked by a slow rise in the respiration rate which begins 
shortly after the grain is brought into contact with water in the respiration 
chamber. Following this period of slow rise the respiration rate becomes 
very definitely accelerated after which it usually again slows off for a time. 
Later it again increases and follows the more or less uniformly rising course 
which is associated with the more advanced stages of germination. 

From a further examination of the graphs given in Fig. 1 it seems clear 
that on grounds of respiratory behaviour the bread wheats form a group 
distinct from the durum wheats. In the bread wheats (Renown, Marquis, 
and Thatcher) the initial stage with its slowly rising respiration rate usually 
extends over a period of about 10 hr. although occasional examples were 
encountered in which this period was considerably longer or considerably 
shorter than the average. On the other hand, in the durum wheats (Mindum 
and Iumillo) this initial stage was usually of longer duration. Further, as is 
clearly indicated in Figs. 1,2,and 3, the four respiratory stages already described 
are much more definitely pronounced in the graphs of the bread wheats than in 
those of the durum wheats. An additional fact that is illustrated in Figs. 
2 and 3, is that, within each of the two groups (durum wheats and bread 
wheats) different varieties do not appear to differ from each other in respiratory 
behaviour more than do individual grains of a single variety. In this con- 
nection, Fig. 2 gives graphs of three individual grains of Renown wheat, 
while Fig. 3 gives similar graphs of two individuals of Iumillo and two of 
Mindum. 


RATE OF RESPIRATION 
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TIME, HR. 


Fic. 2. Course of respiration of three individual grains of Renown wheat. 
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RATE OF RESPIRATION 


10 20 30 
TIME, HR. 


Fic. 3. Course of respiration of four individual grains of durum wheat. Expt. 25 and 23, 
Iumillo; Expt. 20 and 18, Mindum. 


The Relationship Between the Rate of Water Absorption and 
the Course of Respiration 


The rate of water absorption by samples of durum and bread wheats 
under the experimental conditions used and during the period when the changes 
in respiration rate just described take place are given in Fig. 4. The varieties 
used were Mindum and Renown and their initial moisture contents were 
11.40 and 12.10%, respectively. It will be observed that the two varieties 
do not show sufficient difference in their rates of water absorption to be 
significant in causing their observed differences in respiratory behaviour. 
Further, these curves show that during the first two hours of the experiment, © 
the water content of the grains reaches a value exceeding 20%, while by the 
end of the first 10-hr. period the grains had attained a water content of between 
30 and 40%. The slowness of the initial rise in respiration rate already men- 
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Fic. 4. Graphs showing rates of water absorption of Renown and Mindum wheats. 
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tioned would not therefore appear to be the result of shortage of water in the 
respiring tissues. 

With a view to possibly throwing further light upon this question, a number 
of experiments were carried out in which the wheat grains were soaked for a 
number of hours in water maintained at a temperature of approximately 
0° C. immediately before introducing them into the respiration apparatus at 
the experimental temperature of 25°C. The data and graphs given in 
Table II and Fig. 5 show the results of this treatment. 


TABLE II 


RESPIRATORY BEHAVIOUR OF SINGLE GRAINS OF RENOWN WHEAT DURING GERMINATION 
SUBSEQUENT TO SOAKING IN WATER AT 0°C. 


Expt. 53 Expt. 54 Expt. 57 
Water content at beginning | Water content at beginning | Water content at beginning 
of experiment = 26.1% of experiment = 36.0% of experiment = 27.0% 
Germination Respiration | Germination | Respiration | Germination | Respiration 
time, hr. rate* time, hr. rate* time, hr. rate* 
3.0 0.11 3.0 0.20 2.3 0.11 
6.0 0.16 3.3 0.22 5.5 0.12 
9.0 0.18 8.5 0.26 8.5 0.14 
12.0 0.28 0.34 0.10 
15.0 0.38 ~ 14.5 0.38 14.5 0.12 
18.0 0.48 17.5 0.42 17.5 0.29 
21.0 0.57 20.5 0.52 20.5 0.39 
24.0 0.67 23.5 0.59 23.5 0.38 
27.0 0.72 26.5 0.64 29.5 0.46 
30.0 0.80 29.5 0.67 $2.5 0.54 
33.0 0.86 $2.5 0.72 33.5 0.62 
35:5 0.78 


* Respiration rates are expressed as milligrams of carbon dioxide per gram fresh weight of 
grain per hour. : 
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fon 5. Course of respiration of single grains of Renown wheat after soaking in water 
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It will be seen that this previous soaking did not bring about any accelera- 
tion of the rate at which respiration increases during the initial germination 
stage. The slow respiration increase must therefore be due, under the experi- 
mental conditions, to some factor other than deficiency of water. 


The Effect of Fungus Infection 


During the course of these experiments a number of grains developed growths 
of fungus hyphae while in the plant chamber. In all such grains germination 
was inhibited while the respiration rate either remained low from the start 
or began to rise in the normal way only to fall off again after between 10 and 
20 hr. from the beginning of the experiment. The respiration curves for three 
typical examples of infected grains are given in Fig. 6. 


a 


> 


iv 


RATE OF RESPIRATION 
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Fic. 6. Course of respiration of fungus infected wheat. 


Expt. 17, Mindum; Expt. 56, 
Renown; Expt. 13, Thatcher. 


Discussion of Results 


A remarkable fact that is revealed by the foregoing data is the extraordin- 
arily high rate of acceleration that is exhibited by the carbon dioxide output 
of the wheat grain immediately it is brought into contact with water. Taking 
a value obtained from the data of Bailey and Gurjar (1) namely: 0.0002 mg. 
carbon dioxide per gram dry weight of grain per hour for the respiration of 
wheat with 12.5% moisture content and at a temperature of 37.8°C. as 
some indication of the carbon dioxide output of normal air-dry grain, it would 
appear that the respiration rate increases by something of the order of 1000 
times during the first five hours from the time the grain is brought into contact 
with water. By this time the water content of the grain has reached about 
30%. While taking Bailey and Gurjar’s figures as being approximately correct 
for wheat under storage conditions at the exceptionally high experimental 
temperature used, it is intended to carry out further research into this question 
at a temperature nearer to the optimum for germination and under more 
definitely controlled conditions regarding oxygen supply to the grain. 

It seems definite that there exists in dry wheat a fully developed oxidizing 
system and an immediately available supply of respiratory substrate. In 
those experiments in which the measurement of the respiration rate was begun 
immediately after the grain was placed in contact with water, the reaction 
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was at the start oily limited by the amount of water present in the grain. 
In those experiments in which the grain was previously soaked in water 
maintained near freezing point, temperature was obviously the limiting 
factor. A tentative visualization of the sequence of events that result in the 
three already described respiratory stages may now be suggested. 


The first stage recorded in these experiments, namely, that in which the 
respiration intensity is rising rather slowly and at a diminishing rate, should 
more accurately be looked upon as an approach towards the conclusion of the 
first stage. Its beginning must actually be marked by a very rapid rise in 
respiratory activity, which, owing to experimental limitations, was not 
recorded. This rise closely follows the initial rapid intake of water by the 
grain in the experiments where respiration was measured during the water 
absorption process, while in the experiments with grain previously soaked 
in water maintained at freezing point, the rapid rise closely followed the rise 
in temperature from 0° to 25°C. The recorded slowing down of this 
initial increase which must now be considered as the end of the first respiratory 
stage can be explained as the natural course followed where the substrate is 
limited in amount and where the continuation of the reaction depends upon 
diffusion for the maintenance of contact between the oxidizing system and 
the substrate. 


The second respiration stage with its initial increase followed by decrease 
in rate of acceleration would appear to mark the mobilization of new substrate . 
resulting from the hydrolysis of reserves présent in the endosperm and the 
subsequent saturation of the immediately available oxidation system. 


The final stage with its maintained rate of acceleration of respiration can 
readily be understood as the outcome of the development of new and extending 
centres of respiratory activity in the form of meristems in the rapidly growing 
seedling. 


With regard to the effect of fungus infection on the course of respiration, . 
it is obvious from the results described that the presence of fungus reduced 
rather than increased the carbon dioxide output of the grain under- the experi- - 
mental conditions used in this work. A significant feature of all three of 
the experiments recorded in Fig. 6 was the fact that while at the close of the 
experiments the wheat grains were enveloped in a considerable growth of 
mycelium, the respiration rate was still falling. This would seem to suggest 
that the carbon dioxide output of the fungus may not be so great as Larmour’s 
(2) experiments seem to indicate. It is evident, however, that the question 
of the effect of fungus infection upon the respiration of germinating seeds 
needs further investigation. 


In conclusion it should be pointed out that the experiments described in 
this paper deal with the respiratory activity of wheat germinating under 
conditions approaching the optimum in regard to water supply, aeration, 
and temperature. The results are therefore in no way comparable with those 
obtained by other workers with grain maintained under bulk storage conditions 
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where in many cases carbon dioxide is allowed to accumulate round the grain 
and where the grain may be subjected to temperatures that are definitely 
injurious, if not fatal, to living tissues. On the other hand, the present 
experiments indicate the possible nature of some of the physiological processes 
that become increasingly active in a wheat grain when external conditions 
are changed from those normally present during storage to others that are 
favourable to germination. 
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INHIBITION OF MICRO-ORGANISMS BY A TOXIC SUBSTANCE 
PRODUCED BY AN AEROBIC SPORE-FORMING BACILLUS! 


By H. KaAtTzNELSON? 


Abstract 


A thermostable diffusible substance produced by an aerobic spore-forming 
bacillus in a potato dextrose peptone medium containing 2% dextrose, 1% 
peptone, and adjusted to pH 6.5 was found to inhibit the growth of 77 out of 
81 species of parasitic and saprophytic fungi. Actinomycetes were more tolerant 
than fungi, though some were completely inhibited. The majority of strep- 
tococci, staphylococci, bacilli, lactobacilli, and clostridia tested were suppressed 
by the toxic medium. Gram negative organisms were unaffected. Bacillus 
subtilis and, to some extent, B. cereus and B. pumilus produced thermostable 
substances toxic to Rhizoctonia Solani. Soil, bentonite, and activated charcoal 
completely adsorbed the toxic agent, agar was less effective and talc not at all. 
The toxic substance passed through cellophane, parchment, and collodion, 
resisted autoclaving for 30to45 min. at 15 lb., but was destroyed rapidly by heating 
in alkaline, but less rapidly in acid solutions; it was not inactivated by aeration 
and retained its potency for many months at 0° C.; ether, chloroform, benzene, 
ethyl acetate, and N butyl alcohol could not remove it from the toxic medium 
but it could be eluted partially from charcoal with 95% ethyl alcohol. The 
substance has not as yet been identified. 


Introduction 


The subject of antagonism and association among micro-organisms has 
been thoroughly reviewed recently (3, 5, 6, 7, 8) and need not be discussed 
further. It will suffice to call attention to the keen interest displayed in 
recent years in the question of antagonism among micro-organisms owing 
to the possibility of using that principle in controlling certain pathogenic or 
otherwise undesirable organisms. The recent work of Dubos et al. and others 
(7) gives some indication of the ultimate value of such studies in medicine. 
The investigations of various plant pathologists also point to a growing 
appreciation of the possible importance of antibiotic reactions in the control 
of various plant pathogenic organisms under natural conditions (7). 


Various members of the genus Bacillus have been found to produce sub- 
stances toxic to other organisms (7). This paper is a brief report of the 
results of some studies on the antagonistic action of another member of this 
genus towards fungi, bacteria, and actinomycetes (4); the bacillus studied 
(Bacillus sp.) was first shown to produce a thermostable toxin active against 
the fungus Rhizoctonia Solani by Cordon and Haenseler (1). 

1 Manuscript received January 2, 1942. 
Contribution from the Department of Plant Pathology, Rutger’s University, New Bruns- 
wick, N.J., the Department of Bacteriology, Cornell University, Ithaca, N.Y., and the Division 


of Bacteriology and Dairy Research, Department of Agriculture, Ottawa, Canada. (Journal 
Series No. 141.) 


2 Agricultural Assistant, Division of Bacteriology and Dairy Research, Department of 
Agriculture. 
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Experimental 


The toxic material was produced by growing the bacillus in shallow layers 
of potato dextrose medium (2) containing 1% peptone. After seven days 
incubation at 28° C. the pellicle produced by the organism was removed and 
the comparatively clear toxic culture solution, henceforth designated the toxic 
medium, was utilized for various tests. When a clear toxic medium was 
desired the culture solution was centrifuged. 


INHIBITORY ACTION OF Toxic MEpIUuM ON FuNGI, BACTERIA, AND 
ACTINOMYCETES 


The toxic medium was diluted with potato dextrose peptone broth adjusted 
to pH 6.5, sterilized, and inoculated with 81 species of saprophytic and phyto- 
pathogenic fungi representing 50 genera and including representatives of the 
four major fungal groups. With the exception of four species that grew 
poorly, none of the fungi grew in the undiluted toxic medium, but all grew 
in the fresh substrate. 

A number of species of actinomycetes were similarly tested. These organ- 
isms appeared to be more tolerant than fungi, as only three out of eight 
were completely inhibited by the undiluted toxic medium; three were partially 
suppressed and two, not at all. 

Representative aerobic Gram positive and Gram negative bacteria were 
next studied. The medium most suitable for each particular organism was 
diluted with clear toxic medium (pH 6.5), sterilized, inoculated, and incubated 
at a suitable temperature. Of 21 streptococcus cultures (including repre- 
sentations of the major groups of genus Streptococcus) 17 were inhibited. All 
six cultures of staphylococci were inhibted as were six of seven species of 
spore-forming bacilli. Lactobacillus acidophilus and L. casei strains were 
quite tolerant, but three of five strains of L. bulgaricus were completely sup- 
pressed. Gram negative organisms such as Escherichia coli, Proteus vulgaris, 
Aerobacter aerogenes, Pseudomonas fluorescens, etc., were not appreciably 
affected. 

Twenty pathogenic anaerobes of the genus Clostridium! (representing 12 
species) were found to be susceptible to the toxic medium in various degrees. 
Of these, 11 were completely inhibited by all the dilutions of toxic medium 
tested, five were suppressed only by higher concentrations and four grew, 
though poorly, in the undiluted toxic substrate. 

All the organisms that were inhibited by the toxic medium grew well when 
inoculated into this medium after it had been treated with activated charcoal, 
filtered, adjusted to the necessary pH, and sterilized. 

In Table I are presented data concerning the influence of different quantities 
of toxic medium on test organisms selected at random from the groups men- 
tioned above. Fungi were on the whole less tolerant to low concentrations 

1 The author is indebted to Mr. Louis Greenberg, Laboratory of Hygiene, Department of 


Pensions and National Health, Ottawa, Canada, for the cultures of clostridia and to Dr. N. R. Smith 
of the United States Department of Agriculture, Washington, D.C., for the cultures of bacilli. 
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TABLE I 


INFLUENCE OF DIFFERENT CONCENTRATIONS OF TOXIC MEDIUM ON THE GROWTH OF VARIOUS 
ORGANISMS 


Concentration of toxic 


medium (% by volume) 


Concentration of toxic 
medium (% by volume) 


Organism tested Organism tested 
0 | 10} 20 | 40 | 60} 100 0 | 10 | 20 | 40} 60 | 80} 100 

Aphanomyces sp. 0 | Bacillus 
Aspergillus sp. mycoides 0 
Aspergillus oryzae 2 brevis 0 
Botrytis alvet 410;0;0;0;0 0 subtilis 0 
Cephalothecium roseum 4/0;0/;0;0/;0 0 | Clostridium 
Chaetomium sp. 0 botulinum 0 
Citromyces sp. 2 chauvei 2 
Colletotrichum phomoides 0 novyi 0 
Fusarium culmorum 0 tetani 0 
Gliocladium sp. 0 welchit 0 
Gloeosporium sp. Lactobacillus 
Helminthosporium sativum | 0 acidophilus 1 
Humicola sp. 0 bulgaricus 0 
Monoascus purpureus 0] O| Leuconostoc citrovorus 0 
Monilia sitophila 41/0,;0/;0|0/;0 0 | Staphylococcus 
Mycogone sp. 4;2;1/;0/]0/0 0 aureus 4 0;0;0 0 
Paecilomyces sp. 0 cereus 0 
Penicillium sp. 410/;0/0/0/;0 0 | Streptococcus 
Penicillium digitatum 41313121212 2 pyogenes 0 
Phytophthora infestams. ‘| 0 mastitidis 0 
Phymatotrichum omnivorum| 4} “animal pyogenes” | O 
Rhizopus sp. 0 “human pyogenes"’ 0 
Rhizoctonia Solani 0 liquefaciens 3 
Sclerotinia minor 0 sp. (Group K) 0 
Thielaviopsis sp. 0 lactis 3 
Torula sp. 0 salivarius 0 
Trichoderma sp. 0 | Escherichia coli 2 
Actinomyces Pseudomonas fluorescens | 4|4|)4/]4/|41])4 4 

asteroides 0 

cellulosae 0 

griseus 4 

scabies 2 

Note: 4 = good growth; 3 = medium; 2 = fair; 1 = slight; 0 = no growth. 

of the inhibitory material than actinomycetes and bacteria. Considerable 


variation in susceptibility was obtained with different species in one genus. 


PRODUCTION OF SUBSTANCES Toxic TO Rhizoctonia Solani By VARIOUS 


‘ 


SPECIES OF Genus Bacillus! 


The bacilli listed in Table II were inoculated into 100 ml. of potato dextrose 
peptone broth at pH 6.8. AMll flasks were incubated at 30° C. for seven days 
after which the cultures were diluted with the potato broth and sterilized. 
Rhizoctonia Solani was then inoculated into every flask. 


B. subtilis evidently produces a thermostable substance which is almost 


as toxic to the fungus as that of the bacillus under investigation. 


B. cereus 


and to some extent B. pumilus also liberate some heat resistant inhibitory 


factors. 


These substances were also adsorbed by charcoal. 
1 See Footnote, p. 170. 


dl 
| 


172 CANADIAN JOURNAL OF RESEARCH. VOL. 20, SEC. C. 


TABLE II 
PRODUCTION BY DIFFERENT BACILLI OF SUBSTANCES TOXIC TO Rhizoctonia Solani 


Concentration of toxic culture medium (% by volume) 


Organism tested 


1 $ 5 10 25 50 75 100 
B. brevis 4 4 4 + + 4 
B. cereus 4 3 2 1 1 0 0 0 
B. mycoides 4 4 4 4 4 4 z 2 
B. megatherium 4 4 4 4 4 E 2 1 
B. niger 4 4 4 4 4 2 2 1 
B. pumilus + + + + + 3 1 0 
B. subtilis 3 = 0 0 0 0 0 0 
Bacillus sp. used in all previous 2 0 0 0 0 0 0 0 

experiments 


Note: 4 = good growth of Rhizoctonia (as in fresh medium); 3 = medium; 2 = fair; 
1 = slight; 0 = no growth. 


CONCENTRATION OF ACTIVE SUBSTANCE 

In view of the low concentration of the inhibitory agent produced by the 
bacillus under investigation in the toxic medium, an attempt was made to 
stimulate production of the principle by growing the organism in different 
media at various pH levels. Inorganic substrates containing organic and 
inorganic forms of nitrogen (with and without dextrose), nutrient and infusion 
broths, and potato extract with varying concentrations of dextrose, sucrose, 
and peptone were all inoculated with the bacillus and the cultures tested 
against Rhizoctonia. Maximum production of toxic material was obtained 
with potato extract plus 2% dextrose and 1% peptone. Smaller. amounts 
of both dextrose and peptone resulted in lower yields of the toxic agent. 
Sucrose was only slightly less effective than dextrose. The bacillus grew 
well and produced the toxic substance best between the limits of pH 5.5 and 
6.8. Agitation of the growing culture was unfavourable for production of 
the inhibitory principle. 

Various attempts to adsorb the toxic agent showed that activated carbon, 
bentonite, and soil removed it rapidly and completely; agar was less effective 
and talc, not at all. The toxic substance could be removed from charcoal 
with 95% alcohol (hot or cold) although considerable loss occurred. Removal 
of the alcohol by distillation resulted in the production of a water and acid 
insoluble, alkali soluble precipitate from which some of the toxic material 
could be removed by washing with distilled water and the substance could be 
concentrated by boiling off the excess water. The nature of this toxic sub- 
stance is not known. 

Acetone, buffer solutions, and methyl alcohol were less effective in removing 
the toxic agent from charcoal than 95% alcohol. The principle could not be 
removed from toxic medium with ether, chloroform, benzene, ethyl acetate, 
or N butyl alcohol, nor could it be precipitated with acid, 95% ethyl alcohol, 
or ammonium sulphate. It passed readily through collodion, cellophane, and 
parchment membranes at a neutral or slightly acid reaction. The toxic 
material resisted autoclaving for as long as 30 to 45 min. at 15 lb. pressure; 
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it was destroyed quite rapidly by heating in alkaline but was more tolerant 
to heating in acid solutions. The toxic medium retained its inhibitory charac- 
ter after five-months storage in sealed containers at 0° C. but was less stable 
at 50° C. It was not destroyed rapidly when kept at room temperature 
in cotton-plugged flasks. Aeration of toxic medium for seven days did not 
inactivate it. 

Discussion 


The production by certain organisms of substances toxic to others is by no 
means new, although it is rare that such toxic principles are inhibitory to so 
large a number of organisms, saprophytes and parasites alike, as were studied in 
the above experiments. The consistent inhibition of fungi by toxic substances 
produced by certain bacteria is particularly interesting, and may be an im- 
portant factor in altering the fungus flora of the soil and thus in affecting the 
distribution of certain soil phytopathological organisms. 


Aside from the academic considerations of these antagonistic reactions 
between the bacillus and the variety of organisms tested, there are practical 
implications that may find important application in different fields. It was 
noted, for example, that most of the staphylococci, streptococci, and clostridia 
(the majority of which are pathogenic to animals) were inhibited by the toxic 
principle. Many of the fungi studied are serious plant pathogens whose 
eradication would be of inestimable benefit; these were also repressed by the 
toxic agent. The extensive and effective utilization of such a substance, 
however, depends on a number of important factors: concentration of the 
material, its activity under a wide variety of conditions both in the laboratory 
and in the field, the ease of its production in quantity by the organism and of 
its chemical synthesis should its structure be discovered, and its effect on 
the host plant or animal to be treated. It is clear, therefore, that the problems 
attending the possible utilization of this and other antibiotic substances of 
biological origin in general, for the control of pathogenic organisms, are many 
and complex, and require much further investigation. 
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STUDIES ON THE GROWTH IN SOIL AND THE PARASITIC 
ACTION OF CERTAIN RHIZOCTONIA SOLANI 
ISOLATES FROM WHEAT! 


By I. D. BLaAtrR? 


Abstract 


An adaptation of the Rossi and Cholodny glass slide technique was found to 
be an effective means of measuring the growth of Rhizoctonia Solani in soil. After 
a6 day anda 12 day period, the extent of growth of 11 isolates of this fungus was, 
for each growth period, less in a vertical than in a radial direction. Certain 
isolates grew faster than others. A comparison of the radial growth of a faster 
and of a slower growing isolate at soil depth of 2, 4, and 6 in. showed that the 
extent of growth decreased with depth, being significantly greater for both 
isolates at the 2 in. than at the 6 in. level. 

In pathogenicity tests on wheat with 10 of these isolates, the disease rating for 
each isolate was greater in natural than in steam sterilized soil, and in soil with a 
proportion of inoculum to soil of one to six than of one to three. The addition 
of cellulosic organic material, grass- or straw-meal, to unsterilized soil was 
effective in reducing the parasitic action of all isolates. Two distinct types of 
injury were observed: the one, a severe form of root injury, resulting in reduced 
plant growth; the other, a girdling of the coleoptile or lower stem tissue, usually 
unaccompanied by. adverse effects on plant growth. The first type was produced 
by two slow growing isolates of English origin, the second by faster growing 
isolates of Canadian origin. On the basis of these differences, it is suggested 
that the root injuring isolates be regarded as a variety of R. Solani Kihn. 


Introduction 


Species of Rhizoctonia have frequently been isolated from wheat crowns 
and roots (1, 9, 13, 17, 18, 19), although it was not until 1928 that Samuel (11), 
in South Australia, described an actual Rhizoctonia disease of wheat. The 
same disease also occurred on oats. Subsequently the nature of this disease, 
caused by Rhizoctonia Solani Kihn, was fully studied by Samuel and Garrett 
(12) and Hynes (6, 7, 8). According to these Australian workers, this disease 
usually occurs in patches and is characterized by spindly, stunted plants with 
stiff, inwardly rolled leaves. It was found that the greater part of the length 
of affected roots was destroyed, leaving only short brown stumps, a little more 
than 1 cm. long. In areas where soil infestation appeared light, some of the 
plants appeared able to throw off the attack, forming a new root system, but 
affected plants exhibited delayed maturity owing to the initial check given by 
the seedling attack. 

In view of the Australian evidence that a definite Rhizoctonia disease of 
wheat does occur, the present investigation has been devoted (1) to an exam- 
ination of some of the growth characteristics in the soil of isolates of R. Solani 
from wheat plants, and (2) to studies of certain aspects of their parasitism on 
the wheat plant. 

1 Manuscript received October 3, 1941. 
Contribution No. 680 from the Division of Botany and Plant Pathology, Science Service, 
Department of Agriculture, Ottawa, Canada. 
In this paper are embodied some of the results of an investigation conducted by the author at 
the Dominion Plant Pathological Laboratory, Winnipeg, Man., during the tenure of the Mac- 
millan Brown Agricultural Research Scholarship of the University of New Zealand, Wellington, 


N.Z. 
2 Assistant Biologist, Canterbury Agricultural College, Lincoln, New Zealand. 
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I. Growth Studies of Isolates in Soil 


MATERIALS AND METHODS 


Three different experiments were conducted to determine the extent and 
nature of growth in soil of R. Solani isolates. The isolates were obtained 
from wheat crowns, roots, and seed, of English and Canadian origin, and were 
cultured initially on:potato dextrose agar. The soil substrate consisted of 
Red River (Manitoba) surface soil, a heavy clay loam, which was air-dried 
and sieved through a 2 mm. mesh and then mixed with dry sand in the 
proportion of five parts of soil to one of sand. The levels of moisture are 
indicated later in connection with the different experiments. 


The extent of growth of R. Solani isolates in the soil was determined by an 
adaptation of the Rossi (10) and Cholodny (3) glass slide technique. Glass 
slides, cleaned in acidulated potassium bichromate, were placed in position, 
as later described, in the soil within the pots or jars used as containers. - The 
isolate under study was introduced in the form of a 6 mm. agar disk against 
each slide at a marked point, the disks being cut from the peripheral mycelial 
growth on the cultural plates. The soil in each container was then covered 
to a depth of 3 in. with a layer of sand adjusted to the same moisture level 
as the soil which it covered. The containers were randomized on a table in the 
laboratory and maintained at room temperatures. After inoculation, the soil 
was maintained at the previously adjusted degrees of saturation by daily 
weighings with additions of water where necessary. At the end of 6 or 12° 
days after inoculation, the slides were removed from the containers, detached 
from the soil, and fixed and stained in a steaming solution of 5% erythrosin 
in 5% carbolic acid. 


During the interval allowed for growth, the fungus grew out through the 
soil from the points of inoculation. Mycelial strands came in contact with 
the slides. By means of a high or low power microscope objective, the course 
of the fungus along the slide could easily be followed and measured from the - 
original mark of inoculation to the terminal extremity of growth. Regardless 
of the density of growth of the other micro-organisms adhering to the slides- 
when taken from the soil, it was possible to trace accurately on the slides 
the extent of growth of the inoculated fungus from the focal points. In view 
of the striking morphological characteristics of the mycelium (4), it seemed 
that R. Solani was eminently suited for a study using such a technique. It 
is doubtful, however, if the method could be applied to other fungi less readily 
distinguishable in a mixed soil microflora. 


EXPERIMENTAL RESULTS 
Vertical and Radial Growth 


In order to compare the ability of different isolates to grow through the 
soil, 11 isolates of R. Solani were studied in respect to their extent of vertical 
and radial growth. Two experiments were carried out in which the water 
content of the soil and of the sand mulch were adjusted to 40% of saturation 
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by hand mixing of the soil and water. In the first, the slides were arranged 
vertically in the soil and an inoculum disk was placed against each slide at a 
marked point one centimetre below the soil surface. For each isolate there 
were six 4 in. clay pots with four vertically arranged slides. The slides 
were removed from three pots at the end of six days, and from the other three 
at the end of 12 days. Twelve slides were therefore available for measure- 
ment at each of the two sampling intervals. In the second experiment, the 
glass slides were placed on edge, radially, in glazed clay crocks. The disk 
of inoculum was placed at the edge of each slide in contact with the wall of 
the containers at a point one centimetre below the soil surface. For each 
isolate, there were four crocks with six slides, again permitting measurements 
from 12 slides at the 6 and the 12 day sampling periods. In the first experi- 
ment, the temperature ranged from 17 .2° to 23.8° C., with a mean of 19.1° C.; 
and, in the second, from 18.0° to 23.8° C., with a mean of 19.4°C. The 
data for these two experiments are given in Table I. 


TABLE I 


THE EXTENT OF GROWTH OF 11 ISOLATES OF Rhizoctonia Solani FROM WHEAT IN SOIL AT 40% 
OF SATURATION 


Slides vertically arranged Slides radially arranged 
R. Seti’ Growth, cm. R. Seleni Growth, cm. 
isolate After 6 days | After 12 days isolate After 6 days | After 12 days 
S. 21 “29 3.5 S. 21 3.4 5.4 
M.2 2.6 | B. 140 a2 4.8 
25 2.5 3:7 S. 22 3.4 5.3 
B. 140 2.0 20 4.8 
M.3 2.5 3.0 M.2 2.9 4.4 
M.4 2.4 3.0 M.4 2.8 4.2 
S. 23 23 3.2 M.3 2.7 4.2 
B. 5-3 1.9 2.4 B. 5-3 2.7 ee 
R. 6 i R. 5 2.4 3.3 
K..3 1.6 2.0 R. 6 2.0 3.3 
Necessary Necessary 
difference, difference,” 
5% level 0.54 0.56 5% level 0.62 0.56 


The data in Table I show that the extent of growth of all the isolates was 
greater in the lateral plane of the soil than in the vertical plane. They show 
also that certain isolates (e.g., S.21 and S. 22) grew significantly faster than 
certain other isolates (R. 5 and R. 6), whether in the lateral or vertical direction, 
or for the shorter or longer period of growth. Two or three of the isolates 
(M. 2, M. 3, and M. 4) occupy a more or less intermediate position in respect 
to their rate of growth in the soil. It would appear, therefore, that, although 
the organism may grow centrifugally from a focal point in the soil, it is less 
inclined to grow downward than laterally, no matter what its growth rate 
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may be. From Table I, it can readily be calculated that, for the respective 
isolates, the difference in the amount of growth for the 6 day period and the 
12 day period was from two to three times as great in the lateral direction 
as in the vertical direction. This fact would indicate a definite retardation 
of vertical growth as the isolates reached the lower levels in the soil, an aspect 
of the problem examined in the third experiment. 


Growth at Different Soil Depths 

A comparison was made of the extent of growth of R. Solani at different 
soil depths. The same Red River clay loam was mixed with sieved dry sand 
in the following proportions: (1) soil five parts, sand one part; (2) soil three 
parts, sand two parts; and (3) soil one part, sand one part. Water was added 
to the mixtures to provide two levels of saturation, namely, 33% and 50%. 
The containers were glazed clay crocks. Sufficient soil was added to each 
crock to reach a level six inches from the top. Six glass slides were arranged 
on edge in a radial manner and inoculations were made against each at a 
marked point one centimetre below the soil surface. More soil was added to 
reach a level four inches from the top. Here the same procedure with slides 
and inoculum was followed, and a further addition of soil brought the soil 
surface to ‘within two inches of the top, where another set of slides with 
inoculum was placed in position. Each crock was finally filled to within 
half an inch of the top, and a half-inch sand mulch, adjusted to either 33% or 
50% of saturation capacity, provided the surface cover. 

A typical fast growing isolate, S. 22, and a slower growing one, B. 5-3, 
served as inoculum. The experiment was made in duplicate, thus providing 
12 slides for each variable. The crocks were weighed daily, but at room tem- 
perature, water losses were slight. After 12 days, the slides were carefully 
removed for fixing and staining. Complete data for the effect of different soil 
depths, soil mixtures, and soil moistures on the growth of the two isolates, 
S. 22 and B. 5-3, are given in Fig. 1. It is evident from this figure that, in 


all soil mixtures used, both isolates grew better at a soil depth of 2 in. than at . 


a soil depth of 4 in., and at 4 in. than at 6 in. of depth. In all instances, 
growth was significantly greater at a depth of 2 in. than of 6 in. Generally, 
both isolates made the most rapid growth in a soil mixture consisting of three 
parts of black clay loam and two parts of sand. Although the faster growing 
isolate S. 22 grew better in soil with a moisture content of 33% of saturation 
than in soil with a 50% of saturation, the growth rate of the slower growing 
isolate B. 5-3 was much the same at both moisture levels. 

The results of the analysis of variance for the data are given in Table II. 
From this table, it is evident that statistically significant effects are shown 
for both isolates for soil depths and soil mixtures. Although isolate S. 22 
shows highly significant moisture effects, there are no statistically significant 


differences in the growth of isolate B. 5-3 attributable to varying soil moisture 


contents. 
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From the results presented in Fig. 1 and Table II, it seems clear that the 
growth of R. Solani is markedly influenced by conditions existing at the depth 
level in the soil at which the fungus may be growing. The upper soil stratum 
provides environmental conditions more favourable for the growth of the 
fungus than do the lower soil levels. It would seem that the differences in 


33% SOIL SATURATION 50% SOIL SATURATION 
ISOLATE $.22 ISOLATE $.22 
A B Cc A B Cc 


50 ISOLATE 8.5-3 ISOLATE 8. 5-3 


EXTENT OF GROWTH, CM. 


DEPTH IN SOIL, IN. 
Fic. 1. Bar diagram of data relative to the growth of two isolates of R. Solani at three levels 


of depth in soil. Growth measurements (cm.) 12 days after inoculation. A=soil 5, sand 1; 
B=soil 3, sand 2; C=soil 1, sand 1. 


TABLE II 
ANALYSIS OF VARIANCE OF DATA ON THE GROWTH OF TWO ISOLATES OF R. Solani AT THREE 
DIFFERENT SOIL DEPTHS 


Mean square 
Source of variance D.f. 
Isolate S. 22 Isolate B. 5-3 
Depths 2 21 .055** 
Soil mixtures 2 2.525* 4.985** 
Moistures 1 39 .000** 2.320 
Depths X soil mixtures 4 0.395 0.255 
Depths X moistures 2 0.320 0.785 
Soils X moistures 2 0.410 1.565 
Depths X soils X moistures 4 2.2 1.940* 
Error 198 0.592 0.709 


* Exceeds mean square error, 5% level of significance. 
** Exceeds mean square error, 1% level of significance. 
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growth at the three levels examined are closely associated with soil moisture 
and soil aeration. In crock experiments, the soil moisture content increases 
with increasing depth, and, in consequence, soil aeration would be better at 
the 2 in. level than at the 6 in. level. As the growth of R. Solani was signif- 
icantly greater at the former than at the latter level, it would seem that low 
moisture content and good aeration favour the growth of this fungus in the 
soil. These conclusions lend support to the belief that if one wishes to 
measure the maximum growth of R. Solani in the soil, such measurements 
should be made in the upper part of the soil column, and, in the event of 
slides being used as the implement of growth measurement, they should be 
arranged in a horizontal plane. 


II. Pathogenicity Studies of Isolates on Wheat 
MATERIALS AND METHODS 


Experiments were conducted to determine the pathogenic capabilities of 
the R. Solani isolates on wheat. The soil was composed of five parts of Red 
River surface clay loam and one part of sand. Soil treatments will be described 
in connection with the different experiments. The culture medium was 
prepared in Erlenmeyer flasks by mixing 2% finely ground corn-meal in washed 
sand adjusted to 30% of its saturation capacity. After autoclaving, each 
flask of medium was inoculated with six mycelial disks of the isolate to be 
tested, taken from the periphery of growth on a potato dextrose agar plate. 
The isolates were allowed to develop in the medium for 18 days before soil 
inoculation. Mixing of the inoculum with the soil was done by shaking in a 
sterile glass container one part of inoculum to three parts of soil, and one part 
of inoculum to six parts of soil. Immediately, thereafter, the water content 
of the mixtures was adjusted to 40% of saturation. Each mixture was then 
placed in 4-in. clay pots, and, after an interval of three days, seed of Regent 
wheat, hand selected and surface sterilized, was sown. After emergence, all 
seedlings over 12 in number per pot were removed. The system of replication 
consisted of duplicate pots of each treatment. That is to say, measurements: 
of disease were made on a basis of 24 plants. ; . 

The plants were allowed to develop for 15 days from the time of seeding, 
and, throughout this interval, the pots were weighed daily and, when necessary, 
more water was added to maintain the water content of the soil at 40% 
saturation. An effort was made to keep glass-house temperature within a 
narrow range of variation. At the end of this interval, the plants were in 
the three-leaf stage and, in the controls, there was a profuse root development. 
The entire plants were removed together with the core of soil from which they 
were separated by gentle washing in a lead of water over asieve. Each plant 
was then examined in a water-bath for evidence of disease. In estimating 
the amount of disease caused by the different isolates, the disease rating method 
developed by Greaney (5) was adopted, with this difference that the infection 
classes comprised nine instead of six classes. This provided a better oppor- 
tunity for weighting the size and position of the lesions. 
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EXPERIMENTAL RESULTS 


In the first experiment, the soil was steam sterilized at 15 lb. pressure for 
four hours. Ten of the isolates earlier mentioned were tested. The range of 
temperature was from 16.2° to 24.2°C., with a mean of 19.2°C. Later 
this test was repeated, the temperature range being 15.5° to 23.3°C., the 
mean 18.8°C. 

In the second experiment, a comparison was made of the pathogenic 
behaviour of nine of the isolates in unsterilized soil and in unsterilized soil 
with the addition of 1% grass-meal. The temperature during the experiment 
ranged from 17.5° to 25.3° C., the mean being 19.9°C. The results of this 
experiment are included in Table III. 


TABLE III 
THE EXTENT OF PARASITISM OF R. Solani ISOLATES FROM WHEAT IN DIFFERENT SOILS 


(Data are means of two trials) 


Experiment 1 Experiment 2 
Ratio of inoculum to soil 
Isolate 
Sterilized soil Unsterilized soil 
Pe 6.8 4.7 12.6 9.6 12.0 8.1 
M.2 7.8 3.4 - 8.1 7.4 ee 4.4 
M. 3 13.0 10.4 19.2 13.3 15.5 11.1 
M.4 14.7 1.5 17.0 i 14.9 14.0 
2 15.4 13.2 20.5 17.0 11.8 
21 9.2 6.8 ~ 
B. 5-3 1.6 0.5 LS 
B. 140 22.2 7.8 16.3 9.4 . 25 8.8. 
ze. 31.8 30.9 42.2 38.3 28.3 24.3 
R. 6 29.6 26.2 43.7 35.5 32.2 31.2 
Controls! 0.0 0.0 0.3 0.4 0.4 0.7 


1 Average disease rating for all the controls in each test. 


The results of the tests with two different proportions of inoculum added 
to the soil (Table III) indicate that, with all isolates and in all soil treatments, 
the disease rating was higher in the soil to which inoculum was added at the 
rate of one part to six parts of soil than in the soil to which inoculum was 
added at the rate of one part to three parts of soil. In this, the results are 
in agreement with those of Sanford (16) who found that there was a decrease 
in the virulence of isolates of R. Solani from potato as the amount of inoculum 
added to the soil was increased over the proportion, 1:15. In so far as the 
influence of the substrates is concerned, it is evident that each isolate was 
more virulent in the unsterilized than in the sterilized soil. Sanford (16) 
obtained similar results with his isolates from potato. In the present investi- 
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gation, the addition of an organic supplement, grass-meal, reduced the 
amount of infection in the soil to which it was added, as compared to that in 
soil devoid of this supplement. 

In the examination of the plants, however, it became evident that the disease 
ratings determined by the above mentioned method do not express the most 
striking development of the parasitism, namely, that there were two quite 
different symptomatic expressions of R. Solani infection. The isolates R. 5 
and R. 6, which had been isolated by the writer from wheat roots in England, 
constituted a distinct group from the other isolates under study, which were 
of Canadian origin. Isolates R. 5 and R. 6 caused a form of root injury 
ranging in severity from a slight root tip necrosis, through degrees of brown 
lesioning of the intermediate portions of the root system, to an extremely 
severe expression of disease in the form of almost complete destruction of 
the entire primary and secondary roots. Fig. 3 depicts this condition in 
infected barley plants taken from a field in Norfolk, England, and illustrates 
exactly the condition produced by the isolates R. 5 and R. 6 on wheat plants. 

The characteristics of this type of injury include a killing of the root tips, 
with a stimulation in the formation of laterals, which in turn are attacked. 
This type of injury seems identical with the R. Solani root infection described 
by Samuel and Garrett (12) on cereals, under South Australian conditions. 
The injury markedly affected the vegetative growth of seedling plants, for 
they were spindly and stunted, with a tendency to leaf rolling. 

On the other hand, the isolates of Canadian origin produced quite another 
type of injury. In this type, there was only a light brown lesion, varying 
in size from a speck to a length of over 1.5 cm., on the coleoptile above the 
kernel (Fig. 2), and hence is referred to as “stem girdling” injury. Further- 
more, this type of injury did not appear to affect adversely the seedling 
development of the plants. 

It was apparent from the evidence of histological examination of cotton- 
blue-lactophenol preparations of affected tissue that in the case of the root - 
injury type of disease caused by R. 5 and R. 6, the parasitic hyphae had 
ramified throughout the cortical and vascular host tissue causing complete ~ 
disintegration. But with the stem girdling injury, the fungus hyphae appeared 
only to be aggregated in the epidermal tissue and an examination of macera- 
tions of the cortex from such affected stems did not indicate that the hyphae 
had penetrated that tissue (Fig. 4). 

Typical plants demonstrating either root injury or stem girdling, were 
retained in inoculated soil and examined throughout later growth stages. 
Those plants, which in the seedling stage had been affected with coleoptile 
girdling lesions, were found after examination in the mature condition still 
to bear R. Solani infection in the form of a girdling lesion only on what 
remained of the coleoptile encasing the subcrown internode. The root 
systems of these plants were normal in comparison with control plants, and 
there was no evidence of root damage. Plants maturing from seedlings 
affected with the root injury form of disease were still characterized by the 
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seedling type of infection—a necrosis of tissue, amounting in extreme cases 
to complete stunting of the root system. In these cases there was, however, 
no sign of parasitic infection of the lower stem tissue. 

In view of the fact that the English isolates R. 5 and R. 6 produced disease 
symptoms of wheat seedlings quite distinct from those resulting from the 
parasitic action of the Canadian isolates of R. Solani, it would seem that the 
use of one disease rating scale, covering two different forms of injury, is 
not warranted. In the third experiment, a separate disease rating scale was 
applied to the two forms of parasitism. The classes used in each are shown 
in Table IV. 

TABLE IV 


CLASSES, NUMERICAL RATINGS, AND FORMULA! FOR COMPUTING DISEASE RATING USED TO 
RECORD THE DEGREE OF INFECTION OF Rhizoctonia Solant ON WHEAT PLANTS 


Class Degree of infection on individual plants N oe 
Numerical ratings for plants affected with stem girdling lesions 
1 No infection; roots and stems normal 0 
2 One to several small coleoptile lesions (less than 0.5 cm.); 1 
no root injury 
3 Single coleoptile lesion (0.5 to 1.0 cm.); no root injury 2 
4 Single coleoptile lesion (1.0 cm.); no root infection 3 
S Single coleoptile lesion (1-5 cm.); no root infection 4 
6 Coleoptile lesions greater than 1.5 cm. 5 
Numerical ratings for plants affected with root injury 
1 No infection; roots and stems normal 0 
2 Slight injury to root tips 1 
3 General distribution of small brown disease lesions throughout 2 
the root system without any apparent reduction in root 
length 
4 Destruction of roots from apical points, leaving short prolifer- 3 
ating root stumps from 2.5 to 4.0 cm. in length 
5 Roots severely reduced, leaving stumps less than 1.3 cm. long + 
6 Almost complete destruction of the roots 5 


Sum of numerical ratings X 100 
Number of plants examined X maximum rating 


1 Disease rating = 


The third pathogenicity experiment was arranged in the same manner as 
the two described earlier, but, in it, sterile and natural soil were used con- 
currently, not successively as in former tests. In this experiment, the organic 
supplement of 1% straw-meal was included instead of grass-meal. During 


PLATE I 


Fic.2. Infection types of stem girdling injury caused by the R. Solani isolates of Canadian 
origin; numerical ratings (left to right): 0, 1, 2, 3, and 4. 

Fic. 3. The type of root injury caused by two R. Solani isolates (R.5 and R. 6) of English 
origin; six infected barley plants, control plant on extreme left. 

Fic.4. Microphotograph showing the distribution of R. Solani hyphae in infected coleoptile 
tissue of wheat. X 400. 
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the experiment, the temperature ranged from 18.9° to 26.0°C., with a 
mean of 20.1°C. The results are shown in Table V, the disease ratings being 
derived from use of the scales given in Table IV. 


TABLE V 


THE EXTENT OF PARASITISM OF WHEAT ISOLATES OF R. Solani IN NATURAL AND STERILIZED 
SOIL AND IN NATURAL SOIL PLUS 1% OF STRAW-MEAL 


Ratio of inoculum to soil 
Isolate Sterilized soil | Unsterilized soil egy 
Disease rating for stem girdling injury 
5. 25 30 20 46 40 29 21 
M.4 36 30 45 35 32 27 
M.2 34 28 41 32 26 19 
S. 22 35 29 46 40 23 20 
B. 140 36 29 49 42 39 29 
S. 2 40 31 53 47 30 22 
S. 23 43 31 48 43 39 25 
M.3 40 36 43 37 32 28 
Controls! 0.0 0.0 2.6 2.4 3.4 a2 
Disease rating for root injury 
g..5 42 36 44 41 24 19 
R. 6 35 x | 48 44 21 16 
Controls! 0.0 0.0 2.0 2.5 2.0 1.5 


1 Average disease rating for all the controls in each test. 


The results of this experiment are in close agreement with those presented 
in Table III. For each isolate, the disease rating was higher in the soil to 
which inoculum was added at the rate of one part to six parts of soil than in 
the soil to which one part of inoculum was added to three parts of soil, regard- 
less of the soil treatment. Similarly, there was, for each respective rate of 
inoculum, a higher disease rating in the unsterilized than in the sterilized soil. 
Furthermore, in comparison with that in unsterilized soil, the disease rating 
was lower in unsterilized soil to which an organic supplement, in this instance, 
straw-meal, was added. 

Discussion 


Throughout these experiments, the disease ratings for those isolates produc- 
ing a stem girdling injury, indicate that differences exist in the ability of the 
individual isolates to act as parasites. It appears, for instance, that isolate 
B. 5-3 is only a weak parasite (Table III). On the basis of the nature of their 
parasitic action, all these isolates appear to be closely related, and may perhaps 
be regarded as belonging to one group. No differences could be detected in 
their microscopic or cultural characters. 
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Sharply distinct from the stem girdling injury is the severe root infection 
caused by the two English isolates R. 5 and R. 6, both of which act identically. 
These two isolates obviously belong to a different group of R. Solani. When 
the symptomatic differences in the pathogenic action of the two groups were 
first revealed; it was felt that R. 5 and R. 6 might indeed not be R. Solani 
Kiihn at all but rather an undescribed species of Rhizoctonia. This possibility 
received some support in that, regardless of the microscopic similarity of 
R. 5. and R. 6 to the Canadian isolates, macroscopically there were differences 
in the nature of the sclerotia. Instead of the massive dark brown sclerotia 
characteristic of the isolates causing stem girdling injury, the sclerotia of 
R. 5 and R. 6 were only pin-head in size and very light brown in colour. 
Nevertheless, in all cases where cultures of R. 5 and R. 6 were submitted to 
other authorities for examination and identification, the conclusion was that 
these isolates must be considered to belong to the ‘‘R. Solani group’. How- 
ever, pending the discovery of the sporiferous stage of these two isolates, it is 
suggested that they be regarded as a variety of R. Solani Kiihn. 

Apparently under the conditions provided by natural soil, the inoculated 
organism derives some stimulus from a microbiological association factor 
which is lacking in the sterilized soil. It is possible that, as suggested by 
Sanford (16), R. Solani in the steamed soil is encouraged to develop a greater 
quantity of mycelium with a possible accumulation of staling products detri- 
mental to parasitic action. Similarly, in the heavier but less pathogenically 
effective rate of inoculation (one part inoculum to three parts of soil), an 
increased density of mycelial growth may be associated with the lower in- 
cidence of disease. In his studies, Sanford (14, 15) has observed consistently 
that conditions encouraging very profuse growth of R. Solani usually result 
in a lower degree of parasitism and that his very profuse growing isolates are 
among the least pathogenic to the potato host. Further evidence that the 
extent of growth through the soil may not exhibit a positive correlation with 
the degree of parasitism, or, conversely, that the fastest growing isolates are 
not necessarily the most actively parasitic, is afforded by a comparison between 
the soil growth rate figures for isolates R. 5 and R. 6 (Table I), and the disease 
ratings just considered (Tables III and V). The isolates R. 5 and R. 6 are 
shown to have been the slowest growing isolates in the soil, but yet they were 
the most severe parasites. 

Finally, in regard to the influence of the organic supplements, grass- or 
straw-meal at the rate of 1% (Tables III and V), it was found that each of 
these organic materials, with all isolates, caused a reduction in infection com- 
pared with that pertaining to soil not supplied with additional cellulosic 
organic matter. Earlier work in this investigation, an account of which will 
appear at an early date (2), has shown that these materials greatly inhibited 
the growth of R. Solani in soil. It would seem that those conditions associated 

1 The writer is indebted to the following workers who made a critical examination of cultures 
of R. 5 and R. 6: G. R. Bisby, Imperial Mycological Institute, Kew; E. L. LeClerg, Louisiana 


Experimental Station; R. Weindling, South Carolina Experiment Station; N. M. Walker, Florida 
Experiment Station; J. E. Machacek, Dominion Laboratory of Plant Pathology, Winnipeg, Man. 
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with this growth inhibition of R. Solani in the presence of organic matter, 
including aspects of microbial antagonism and competition, nitrogen and 
phosphate deficiency, and carbon dioxide accumulation are also effective in 
reducing the parasitic vigour of this fungus in relation to wheat seedlings. 
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ON THE FRUCTIFICATIONS AND NEW TAXONOMIC POSITION 
OF DACTYLOTHECA PARALLELA KIDSTON! 


By NorMAN W. RADFORTH? 


Abstract 


Using the transfer and maceration methods, an analysis of the fructifications 
of Dactylotheca parallela Kidston has been made to obtain a more adequate 
description of their structural features for the purpose of revising its systematic 
position. 

The results of the analyses show that the fructifications, hitherto believed to 
be single sporangia inserted superficially on the lateral veinlets of the lower 
surface of the pinnules, are really stalked, three- to five-component synangia 
inserted in the marginal regions. 


The spores extracted were generally smooth and thin-walled, measuring 19 wu 
in average diameter, and the number per synangium was calculated to be 10,000. 

On the evidence produced, the plant cannot belong to the genus Dactylotheca, 
and after a comparison with the forms that it most closely resembles it has been 
concluded that it should belong to the genus A sterotheca which has been extended 
here to include the scolecopteroid types. 


Its fructifications appear to be more marginal than those of all other Astero- 
theca species, their orientation is comparable only with that in A. hemitelioides, and 
they resemble the scolecopteroid fructifications in that they are stalked. 


It has accordingly been regarded as specifically distinct, and named A sterotheca 
parallela n. comb. 


Its affinities have been discussed, and the evidence seems to warrant its classi- 
fication as a marattiaceous fern. 


When the plant to be dealt with here was first described by Kidston (9), 
it was with some doubt that it waé classified in the genus Dactylotheca. How- 
ever, at that time it was indicated that ‘‘the essential characters of the species 
seem to agree well with those of Dactylotheca, in which genus, for the present 
at all events, it may find a convenient place’. In view of the results of 
investigations made on the other two members of this genus (11, 12), it has 
become increasingly important that the taxonomic position of this, the last 
remaining member of the genus, should be more accurately determined. In 
order that this may be accomplished, however, a more adequate description 
of the fructifications of the plant is required, and it was primarily for this 
reason that the present investigations were made. 


Material and Methods 


The piece of the frond of Dactylotheca parallela Kidston that was studied 
in this work was preserved in the form of a compression, and was the specimen 
on which Kidston based his description of the plant. It was discovered 
in the Kiltonge Coal of the Lanarkian Series, and with its counterpart is the 
only specimen of its kind so far to be found. 


1 Manuscript received October 27, 1941. 


Contribution from Glasgow University, Scotland, and the Department of Botany, University 
of Toronto, Toronto, Ont. 


2 Holder of Royal Society of Canada Fellowship at University of Glasgow, 1938-1939. 
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. { 
3 
- 


RADFORTH: DACTYLOTHECA PARALLELA 187 


The methods used in analysing the structural features of the plant were 
similar to those described elsewhere (11, p. 385; 12, p. 746). The general 
shape, size, and arrangement of the pinnules, and occasionally the position 
of the fructifications could be observed from the frond as it appeared on the 
surface of the rock. These features, however, and in addition the arrange- 
ment, shape, size, and attachment of the fructifications could best be observed 
from the compression when it had been transferred to a cellulose film. Finally, 
the actual structural details of the fructifications, and the nature of their 
contents were revealed in an examination of the oxidized fragments obtained 
from the transfers which had been macerated with Schultze’s solution. 


Observations 


In a superficial examination of the frond as it appears on the rock surface, 
its general habit is seen to be similar to that of the other members of the 
Dactylotheca—Senftenbergia group (Fig. 1), and since this has already been 
accurately described by Kidston (9, p. 398) further remarks in this connection 
are unnecessary here. The position of the fruiting bodies, which are arranged 
with their long axes parallel, one row of them along each side of the under- 
surface of each pinnule, is shown in Fig. 2. In this photograph, which repre- 
sents part of an ultimate pinna, since most of the remains of the pinnule 
laminae are almost entirely absent, practically all that remains are the sporan- 
gia which have retained their normal relative positions. In an enlarged view © 
from this transfer, the margin of the pinnule,-though fragmentary, is present 
as shown in Fig. 3m. 


From this photograph most of the surface detail of the fructifications can 
be made out. They are elliptic, generally more or less obtuse at both ends, 
and their surfaces are coriaceous in appearance. Kidston (9, p. 399) reported 
that there is no evidence of a region of specialized annulus cells on any of the 
fructifications, and the observations reported here confirm his in this con- 
nection. 


As a result of the transfer technique, however, two very important features - 
revealed in this work do not agree with Kidston’s results. The first is that 
the fructifications are attached by a stalk to the marginal region of the pinnule 
(Fig. 3p), not inserted in a strictly superficial position on the lateral veinlets 
of the pinnules. The method of attachment is clear in only two of the fructi- 
fications in this photograph. One of these has been photographed at higher 
magnification (Fig. 4) and the stalk is indicated at ». The second feature 
disagreeing with Kidston’s description is that in nearly every case the fructi- 
fications appear to be divided into two or three lobes or folds (Fig. 3, 41), 
suggesting a compound rather than a simple structure. 

An examination of the macerations made from the transfers revealed no 
evidence of an annulus in any fructification examined, regardless of the length 
of the period of oxidation to which the material has been subjected, which 
varied from one to six days. The average length of a fructification, which 
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was determined from measurements of several isolated examples occurring in 
the mounts prepared from the macerations, is 0.6 mm., and the width is 
0.4 mm. 

Fig. 5 is a photograph of a fructification that has been in the oxidizing 
fluid for a period of four days. In this, and in other oxidized specimens, 
the lobing effect is more clearly observed than it was in unoxidized specimens. 
The spore mass inside the remnants of the sterile tissue is divided at the apex 
into finger-like projections. In the specimen that has been illustrated, two 
of these are visible, and it seems reasonable to suppose that a third projection 
was present at p, where only sterile fragments now remain. 

The spores are thin-walled, either round or oval in shape, and are smooth 
or only slightly wrinkled. Where the wrinkling is most pronounced the 
spore wall is usually in a collapsed condition, a feature that is illustrated 
in the photograph of a spore group (Fig. 6). The spores, whether they are 
derived from the same sporangium or not, may vary considerably in size. 
The average diameter from a series of normal spores is 19 uw, and the approxi- 
mate number of spores from one complete fructification has been calculated 
to be 10,000*. 

The evidence from these analyses points to a view that the fructifications 
of D. parallela are really synangia composed of from three to five sporangia 
which in this stage of their development are free at their apices, and joined 
at their bases to a common stalk. The divided appearance of the fructi- 
fications in Figs. 3 and 4, especially where the lobing / has been indicated, 
strengthens this view. The fryctification at the lower right in Fig. 3 has 


* The method —* in estimating spore numbers was the same as that used in previous 
investigations (12, p. 746). 


EXPLANATION OF FIGURES 
With the exception of Fig. 3a, all figures are from untouched photographs. 


Fic. 1. Part of the compression showing the general habit “# the frond and the arrangement 
of the pinnules. Kidston Collection Specimen No. 2673. X1. 


Fic. 2. Cellulose transfer of part of a pinna showing the position of the fructifications. 
Most of the —r matertal of the pinnule limb is missing, but the outline of the margin 
ts seenatm. X5.5. 


Fic. 3. Two rows of fructifications from part of the lower surface of a pinnule, photo- 
graphed from the transfer (Fig. 2) with the aid of an ultropack; p = stalk; m = pinnule 
= 31 = lobing of the fructifications; x = fructification compressed in the upright condition. 
X30. 

Fic. 3a. Outline drawing of the fructification seen at x, Fig. 3, clarifying the lobed condition 
which suggests a five-component synangium. X30. 


Fic. 4. An enlarged view of a single fructification as it appeared on the transfer, photo- 
graphed with the aid of the ultropack, showing lobing, l, and the stalk, p. X60. 


Fic. 5. A fructification that had been oxidized in Schultze’s fluid for four days, showing the 
lobing effect and the mass of spores contained within the sterile remnants; p = projection of a 
sterile portion of a lobe of the fructification. X125. 


Fic. 6. Group of spores extracted from a mass similar to that in Fig. 5, showing the 
character of their walls and their variability in size; t = triradiate ridge. 535. 
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been compressed by a force acting in a direction parallel to its long axis, and 
appears in the form of a closed rosette. Here, with a little care, five lobes can 
be discerned; the apices of these come together at a point near the centre of 
the rosette. In order to clarify this condition an outline drawing of the 
sporangium is provided adjacent to the photograph, with the lobes or single 
sporangia numbered around the edge (Fig. 3a). 

If the fructification of this plant were to be regarded as a single sporangium, 
then the calculated spore output of 10,000 would be very high. If, on the 
other hand, it is regarded as a five-component synangium where each con- 
stituent sporangium is equal in capacity to that of its neighbour, the spore 
count, when computed on the basis of the number of spores per sporangium, 
falls between 1500 and 2000. With the single exception of Ophioglossum 
pendulum (2, p. 262), it is within these limits that the spore count of the living 
synangiate ferns characteristically occurs. The structure and variability in 
size of the spores of the same sporangium suggest that they were in an 
immature stage of development at the time of fossilization. If this were 
true, the spore walls would probably have been relatively more glutinous 
than they would if the spores had been older. Accordingly, they would 
have tended to adhere to each other and to the walls of the sporangium. 
This condition was frequently found to occur, and is illustrated in a typical 
example (Fig. 5) where the spore mass still adheres to tapetum-like remnants 
of the sterile parts of the sporangium. 


Discussion and Conclusions 


In the remarks given by Kidston (9, p. 398) justifying the placing of this 
plant in the genus Dactylotheca, it was indicated that the description of the 
species agreed with that of the genus “‘in the position of the sporangia on the 
veins, in their general form and structure (though their arrangement on the 
pinnules is more regular in forming a single row on each side of the midrib), 


and in their occupying the whole of the limb between the median vein and > 
the margin”. From the observations reported here, this statement can no. 


longer be supported. Hitherto, the point of insertion of the sporangia in 
Dactylotheca has been regarded as being superficial in position; in D. parallela 
the writer’s observations show that although the fructifications are attached 
on the abaxial side of the pinnule, the point of insertion is distinctly in the 
marginal region of the limb, Also, in view of the evidence given here, the 
fructification, which Kidston regarded as being a single sporangium, is really 
a sorus of sporangia. These newly discovered features are not only contrary 
to those included in the description of the genus Dactylotheca Zeiller (16), 
but provide, in addition, evidence that precludes any justification for believing 
that there is any immediate relationship between this species and the genus 
Dactylotheca. 

For the same reasons, and also because the sporangia are exannulate, it is 
obvious that this plant is not to be classed within the genus Senftenbergia to 
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which two other forms, Dactylotheca plumosa and D. Sturi, have recently been 
transferred (12). 

There are, however, three other genera that have certain diagnostic features 
in common with those found in this species. These are Asterotheca Presl, 
Acitheca Schimper, and Scolecopteris Zenker. All of these, as well as the 
species being considered here, resemble each other in the essentials of synangial 
structure. In each case the synangia are arranged in a row down each side 
of the pinnule limb, and are each composed of at least three, and as many as 
five, sporangia that are free at their apices and joined at, or near, their bases. 
None have annulate sporangia. Despite these common likenesses a few 
differences do exist by which the fructifications may be distinguished, and 
before the correct systematic position of D. parallela can be fixed it will be 
necessary to compare its new diagnostic features with those of the other three 
similar types. 

First, the position of the synangia on the pinnule limb is a feature worthy 
of some consideration. Out of 10 species of Asterotheca that Kidston reviewed 
(9), only one, A. crenulata, has marginal sporangia; the other nine have 
sporangia that are usually inserted about midway between the margin and 
the midvein of the pinnule. In Acitheca and Scolecopteris the synangia are 
unquestionably superficial in position, since a portion of the limb that 
separates them from the pinnule margin curves back and partially covers 
the synangia, serving as the protective flap (9, pp. 536, 537; Text-figs. 63,65). 
Thus, Asterotheca crenulata and Dactylotheca paralleia are the only two plants 
with marginal synangia and, in a comparison of these two, the synangia of 
the latter are closer to the margin than those of the former (cf. Fig. 2, of this 
work, and 9, p. 519, Text-fig. 59). 

Another feature distinguishing D. parallela from these other types is the 
orientation of the synangia with respect to the pinnule surface. The synangia 
in Acitheca and Scolecopteris are situated on the pinnules in such a way that 
the long axes of the sporangia are perpendicular to the surface of the limb. 
In all but one species of Asterotheca the sporangia also stand upright. The 
species in which this condition does not occur regularly is Asterotheca hemi- 
telioides, and according to Kidston (9, p. 522) synangia of this plant are some- 
times found lying parallel to the surface of the pinnule as in D. parallela._ In 
Kidston’s opinion the horizontal position is considered as being ‘‘probably 
the result of accident’’, but in D. parallela, where the synangia almost invari- 
ably lie parallel to the pinnule surface, this condition seems to be the normal 
one, and the upright condition to be accidental since it occurs so infrequently. 
Admittedly, it seems highly probable that the synangia of D. parallela were 
pendant in their living condition, like those of A. hemitelioides, but their 
structural relationship with the pinnule lamina must have been different from 
that in A. hemitelioides in that the horizontal orientation has been imposed 
in fossilization to such a marked degree. 

A third feature that offers a means of comparison is the method by which 
the synangia are attached to the pinnule limb. In the types under discussion 


| | 


RADFORTH: DACTYLOTHECA PARALLELA 191 


attachment may be according to one of three ways: the synangia may be 
inserted directly on the pinnule surface, or they may be attached by means 
of a receptacle, or by a short stalk. The synangia of Acitheca are attached 
as in the first of these three ways (9, p. 536), those of Asterotheca as in the 
second (9, p. 538, Text-fig. 66), and those of Scolecopteris (9, p. 535) and D. 
parallela (ante, p. 187) asin the third method. In this respect, then, D. parallela 
resembles Scolecopteris. 

Finally there remains a consideration of the size and shape of the fructi- 
fications. For convenience in comparison, the synangial dimensions for 
appropriate representative species are recorded below. 


Length of Width of 
Species synangium, synangium, 
(mm.) (mm.) 

Asterotheca crenulata 0.75 0.40 
Asterotheca hemitelioides 0.75 to 1.0 0.30 to 0.40 
Scolecopteris oliveri* 1.60 0.44 
Acitheca polymorpha** 2.50 to 4.0 0.50 to 0.75 
Dactylotheca parallela 0.60 0.40 


* Reference 15, p. 8. 
** Reference 13, p. 157. 


It may be seen that the synangium of D.-parallela is smaller than those 
of the other species. The synangium of Scolecopteris oliveri is considerably 
larger than that of D. parallela with which it compares favourably as to mode 
of attachment, and that of Acitheca polymorpha is larger still. The synangia 


of D. parallela most closely approach in size those of Asterotheca crenulata and 
A. hemitelioides. 


An adequate comparison of spore size for these plants cannot be con- 
structed because the spore dimensions for the two species of Asterotheca have 
not been determined. Moreover, the accuracy of the comparison is dependent 
upon the condition that the spores to be compared are of corresponding stages 
in development, which does not apply in this case. It is of importance to 
note, however, that the spores of Scolecopteris oliveri, which are ornamented 
and therefore presumably advanced, are 18 uw in diameter, where those of a 
D. parallela, which are presumably young, are 19 uw in diameter. If the spores 
of these plants were in corresponding stages of development there would 
probably be a considerable difference in their sizes, those of D. parallela 
exceeding those of Scolecopteris oliveri. 


From these comparisons it is evident that the fructifications of D. parallela 
least resemble those of Acitheca, chiefly owing to their marginal position and 
horizontal orientation on the pinnule limb, their stalked condition, and their 
small size. In that they are stalked there is a resemblance to the type of 
synangium belonging to Scolecopteris, but here again there is disagreement 
as to position, orientation, and size. The condition as to position and structure 
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of the synangia in D. parallela is most closely approached in the genus A stero- 
theca, but only in the two species A. crenulata, where the synangia are almost 
as close to the margin of the pinnule as they are in D. parallela, and A. hemite- 
lioides where they often lie parallel to the pinnule limb. Such likenesses, 
however, are confined to these two species of Asterotheca and, like all other 
plants of this genus, they have, by definition, sessile synangia. 

Before deciding the new systematic position of D. parallela, with the help 
of these results, there is another factor that has an important bearing on the 
decision. Scott (15, p. 9) has already pointed out that it is difficult to identify 
forms preserved as petrifactions with those preserved as compressions, and 
this is especially true in the comparisons that have just been made. Although 
a comparison of the petrified synangium of Scolecopteris with the carbonaceous 
synangium of Asterotheca indicates that these types have many features in 
common, the resemblance might have been even more obvious had both types 
been preserved in the same way. If the synangium of Scolecopteris had been 
fossilized as a carbonaceous compression, the pedicellate condition might 
not have been so evident since the stalks in all likelihood would be telescoped, 
and would have an appearance not unlike the small papillae on the pinnule 
limb in Asterotheca where the synangia are inserted. Whether or not the 
converse of this would hold is more difficult to decide. It seems reasonable 
to point out here that although the synangia in some, and perhaps in most 
of the species of Asterotheca might prove to be sessile if they were found 
uncompressed in the petrified cqndition, the possibility that some of them 
might be pedicellate still remains. Hitherto, the presence of the pedicel in the 
synangium of Scolecopteris has been made the main feature distinguishing the 
genus from Asterotheca, but in view of the theoretical conclusions reached 
above, the writer feels that there is no real necessity for placing both these 
types in separate genera and is inclined, with Hirmer (6, p. 576), to include 
them both in the genus Asterotheca Presl. 

From the generic standpoint, there is now no doubt as to the new systematic 
position of D. parallela. Since its most important diagnostic features conform 
to the emended definition of Asterotheca Presk it must be included within 
this genus. However, in the compgrison of this plant with the others of the 
genus Asterotheca, there are still differences in degree in synangial structure, 
if not in type. Although, as it has already been pointed out, Asterothe a 
crenulata and A. hemitelioides bear some resemblance to D. parallela, the 
distinct marginal position of the synangia of the latter and their marked 
tendency to lie in a horizontal position on the pinnule limb, together with th 
presence of the stalk, are features that are sufficiently important to justify 
its position in a separate species. 

The writer proposes that the plant now be designated as Asterotheca parallela 
(Kidston), and for convenience of identification or comparison with other 
types the following diagnosis is given: 
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Asterotheca parallela (Kidston) n. comb. 
Dactylotheca parallela Kidston 


Fructifications in the form of elliptical synangia lying horizontally at either side of the 
midvein on the under surfaces of the pinnules, with their long axes parallel and pointing in a 
direction at right angles to the pinnule margin; attached at their bases by a short stalk to the 
pinnule limb in a marginal position. Sporangia in each synangium appearing to vary from 
three to five in number, united at their bases, and free at their apices. Average length of a 
synangium, 0.6 mm.; average width,0.4mm. Calculated number of spores per synangium, 
10,000 (approx.). Average spore diameter, 19 wy. 


In formulating this diagnosis there has been no mention of the few excep- 
tional cases where synangia have been compressed in the direction parallel 
to their long axes. The omission was made because it was felt that this 
condition is not a typical one. Nevertheless, the condition is important 
since it points to the close relationship that this plant bears to the other species 
of Asterotheca where almost invariably the synangia have been compressed 
in the manner indicated. The other condition, the most typical one, where 
the synangia lie horizontal to the pinnule limb, is of equal importance because, 
owing to this orientation, the synangial stalk has been exposed and this, on 
the other hand, indicates a close relationship with the scolecopteroid forms. 
Thus, the description of this specimen of Asterotheca parallela since it includes 
both these conditions, serves to link that group of species conforming only to 
the old definition of Asterotheca with the group of species that have hitherto 
been confined to the separate genus Scolecopteris. 


Affinities of Asterotheca parallela 


Kidston (9, p. 547) pointed out that if the central column which unites the 
bases of the sporangia in Acitheca were extended for the full length of the 
sporangia, the result would be the formation of a solid synangium comparable 
with that of Ptychocarpus. It is interesting to note that a condition somewhat 
similar to this would be obtained if the components of the synangia of Astero- 
theca parallela were united along their full length instead of just in the basal 
region. Both Bower (1, p. 521) and Scott (14, p. 253 to 254) lean strongly 
to the view that by reason of its synangial structure Ptychocarpus shows 
strong marattiaceous affinities, and they indicate that among the. genera of 
this family Kaulfussia has the synangia with which those of Ptychocarpus 
compare most favourably. Since the fundamental differences between the 
Asterotheca parallela type of synangium and the Ptychocarpus type are so 
few, it seems reasonable to suggest that the former of these should now also 
be considered when discussing the possible origin of the Kaulfussia type 
of synangium. 


The marattiaceous type of synangium has also been referred to that of 
Anachoropteris for comparison (3; p. 39) and in the particular case of Anachorop- 
teris pulchra, the structure of which has been worked out in detail by Kubart 
(10), the synangium shows strong evidence of marattiaceous affinities. This 
fructification is also fundamentally similar to the fructification of Asterotheca 
parallela, more especially since it is marginal in its position on the pinnule. 
The pinnule, however, is not of the pecopteroid type, and it would seem that 
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any resemblances inthe structure and position of these synangia have been 
brought about as a result of parallel evolution, and are not marks of close 
relationship. 

Before discussing the affinities of A. parallela at further length, two con- 
ditions that have an important bearing on this question should be considered. 
The first of these has to do with the stage in development of the synangium 
at the time of fossilization. It has been suggested (ante, p. 189) that from an 
examination of the spores the sporangia are in an early developmental stage. 
If such is the case there is the possibility that had they matured they would 
have separated and become almost totally free, which is the condition in some 
of the other species of Asterotheca (6, p. 579). While synangia of this type 
still resemble those of Kaulfussia as to their rounded shape, the relationship 
of the sporangia to each other is not unlike the corresponding condition in 
Angiopteris. 

The second point that has a bearing on the question of the affinities of 
Asterotheca parallela is one commonly considered wherever fossil marattiaceous- 
like fructifications have been discussed. It concerns the possibility that 
these fructifications might be the microsporangia of Pteridosperms. Such a 
view receives support in this case for three reasons. One is that in general 
the types of synangia under discussion here seem to differ only in detail of 
structure from the microsporangia of Telangium (9, p. 538). Another is 
that Halle (5, p. 5) has described a pecopteroid frond, Pecopteris Wongit, 
which has a seed attached to its main rachis, and which is barely distinguish- 
able from a frond of Pecopteris (Asterotheca) Miultoni, a plant bearing the 
usual A sterotheca type of synangium, and this leads to an assumption that the 
Asterothecas may have been Pteridosperms. Before Halle’s work was 
published, Hoskins (8) referred to this discovery, and in his account of the 
fructification of Scolecopteris minor expressed the possibility that this too 
may have been the male fructification of a Pteridosperm. Finally, Hirmer (7) 
in a detailed comparison of Crossotheca pinnatifida and Asterotheca truncata*, 
showed on good grounds from the structure, position, and relationships to 
the pinnules of the fructifications of the latter species, that it appears to 
represent an intermediate type between the other species of Asterotheca 
and the species of Crossotheca which are undoubtedly Pteridosperms. 

From these arguments there are grounds for supposing that Asterotheca 
parallela might also be a Pteridosperm, but, on the other hand, it has been 
shown that there is good evidence supporting the view that it is a fossil 
marattiaceous fern. Certainly, no seeds have been discovered in association 
with it, but this is the only specimen that has been found, and the possibility 
of discovering fronds bearing seeds cannot be excluded. The evidence 


* On the elongated form of pinnule in Asterotheca truncata the synangia are situated very 
close to the midrib, but wherever the pinnule is fertile the lamina seems to be vestigial (4, Heft 4, 
Taf. XVII, Figs. 2, 5) and it does not extend over the synangia. Thus, the synangia appear to 
be marginal but, had the pinnule limb been extended laterally to its normal limit, the synangia 
would be distinctly superficial as they are on the shorter, more distal pinnules (loc. cit., Fig. 3). 
Their apparent marginal condition, then, is not comparable to that in A. parallela where the 
synangia are not only normal but also situated on normally shaped pinnules. 
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produced in this work cannot serve to settle this dilemma, and any conclusions 
as to the ultimate relationships of the plant must be almost purely a matter 
of opinion. The writer can see no clear basis for the view that the species 
of Asterotheca in general should be regarded as Pteridosperms, as Kidston 
seemed to do. In the particular case of Asterotheca parallela, it cannot be 
denied that the fructifications are definitely marattiaceous-like, and since 
there is no direct evidence for supposing the plant to be a Pteridosperm it 
would seem logical to regard it, at least tentatively, as a marattiaceous fern. 
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PRESERVATION OF EGGS. I. 


TREATMENTS FOR MAINTAINING QUALITY IN SHELL EGGS AT 
ORDINARY TEMPERATURES! 


By F. T. Rosser?, W. H. Wuite’, A. H. Woopcock’, AND D. A. FLETCHER‘ 


Abstract 


Cultural studies demonstrated the fungicidal value of urea and dimethylol 
urea and the effectiveness of the vapours of certain volatile solids as mould 
growth inhibitors. A method for preparing sterile artificial eggs for mould 
studies was developed. 

Investigations on 21 treatments for preserving eggs at high temperatures 
indicated that the best results would be obtained by the following procedure: 
conditioning with carbon dioxide to lower the pH, treating shell surfaces with a 
disinfectant to reduce contamination followed by effective sealing, preferably 
with a substance having properties that would prevent both growth and entrance 
of contaminants during subsequent storage. Dimethylol urea was the most 
effective growth inhibitor for micro-organisms and vaseline proved to be the best 
sealing agent. Satisfactory results were obtained by dipping eggs in polyvinyl 
alcohol treated with dimethylol urea and by packing oil dipped eggs in moisture 
resistant bags. 


Introduction 


Shipments of shell eggs from Canada to Great Britain are often carried in 
unrefrigerated stowage. Under war conditions the extended transport period 
together with the increased volume exported has resulted in appreciable 
quantities of eggs arriving at their destination in poor condition. Although 
loss of quality from a number of causes has been encountered, the growth of 
micro-organisms both within the egg and on the outer shell has been the 


principal cause of deterioration. Certain treatments such as oiling, gas 
storage, and impregnation of the fillers and flats with mould inhibiting agents. 


have been advocated as effective for extending the storage life of eggs at 
cold storage temperatures but little is known regarding their efficacy at higher 
temperatures. The present laboratory studies were made to obtain informa- 
tion on the value of some of the old, and certain new, processing treatments 
for the preservation of egg quality during storage under conditions of high 
temperature and humidity. 
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It must be recognized that high temperature during the shipping period 
may not be the only cause of deterioration in commercial consignments. 
Eggs may be subjected to rapid temperature changes during loading or dis- 
charging with the result that condensate may form on the shell. Such con- 
ditions are known to bring about the penetration of micro-organisms through 
the shell and to accelerate the growth of exterior moulds. In some of these 
experiments, therefore, an attempt was also made to assess the value of a 
treatment for preventing deterioration attributable to temperature fluctuations 
and condensate formation. 


The experiments to be described fall into two classes: (i) preliminary tests 
of a given material or treatment using cultures or sterile artificial eggs; and 
(ii) storage tests using from 3 to 15 eggs per treatment. The inhibitors 
studied may be classified as contact, those substances that act only when in 
contact with micro-organisms, and distant, those whose vapours are sufficient 
to hinder growth. Both types of inhibitors were tested by an appropriate 
culture procedure. However, since the efficacy of treatments involving 
dipping could not be assessed in this way, a method was also developed for 
preparing sterile artificial eggs to study effects of treatments on specific 
moulds when the physical barrier of the shell was taken into consideration. 
Although the results obtained to date are limited, the application of this 
procedure promises to yield useful information. 


Cultural Studies on Mouldicides 
METHODS 


In all culture experiments, Petri plates containing potato dextrose agar 
were inoculated with small amounts of scrapings from a mould culture. In 
the contact treatments the chemical was combined with the medium before 


Fic. 1. Diagram of apparatus used in preparation of sterile artificial eggs. 
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sterilization. Cultures subjected to vapour were placed in the upper portion 
of desiccators in the lower section of which were four 2-in. squares of blotting 
paper previously soaked in the chemical solution. Cultures receiving reduced 
vapour treatments were placed in desiccators each of which was filled with 
mixtures of air and air saturated with the vapour. Colony diameter was used 
as the criterion for the mouldicidal value of a given treatment. Each treat- 
ment was replicated six times in the vapour experiments and three in the 
contact and reduced vapour tests. 


In the preparation of sterile artificial eggs the rounded end of an egg shell 
was cut off, care being taken not to crack the shell. The shell membranes 
were removed and the cleaned shell placed open side up in a-small metal 
holder (Fig. 1). Three such holders were lowered into a Fernbach flask and 
sterilized in the autoclave after which they were raised in turn into the neck 
of the flask and filled with potato dextrose agar to about one-eighth inch from 
the shell rim. When this had solidified a layer of sterile paraffin wax was 
run over it and for convenience in handling a small bent metal strip was 
inserted into the wax at the edge of the shell. Recognized bacteriological 
technique was followed throughout. 


TABLE I 


EFFECT OF VARIOUS CONCENTRATIONS OF UREA AND DIMETHYLOL UREA ON THE GROWTH OF 
SOME COMMON EGG MOULDS 


Colony diameter, mm. 
Conc., Penicil- Chae- Penicil- Chae- Penicil- 
‘Treatment % lium : tomium lium : tomium lium 
gillus race- gillus race- 
wt./vol. cut- globo- cil- globo- cit- 
niger mosus niger mosus 
rinum | sum rinum | sum 3days | "imum 
18 days 8 days 8 days 8 days 12 days 
Control 52.4 79 21 13.3 15 83 97 96.3 $7.5 
Dimethylol 0.008 — 79.0 98.0 92.0 52.2 
urea 0.016 _ _ 80.5 26.6 88.2 49.6 
0.063 _ 50.3 0 | 0 0 0 0 39.6 
0.125 — 0 0 0 0 0 0 0 0 
0.25 0 0 0 0 0 0 0 0 0 
0.5 0 0 0 0 0 
1.0 0 0 0 0 0 — 
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CONTACT AND VAPOUR MOULD GROWTH INHIBITORS 


In a previous investigation (4) it was found that small concentrations of 
urea had marked inhibitory effect on the growth of certain parasitic fungi. 
It was thought that dimethylol urea might also act as a mouldicide. To test 
this assumption media containing various concentrations of urea and dimethylol 
urea were inoculated with four species of common egg moulds. The results 
are shown in Table I. Dimethylol urea appears to be a very effective mouldi- 
cide, since no growth occurred on media containing more than 0.063% of 
the chemical. In contrast urea in concentrations up to 3% retarded but did 
not prevent growth of Penicillium citrinum Thom. 


The vapour of the tri-, tetra-, and pentachlorophenates has been found 
effective in inhibiting mould growth on eggs when the subliming source was 
close to the egg (3). In view of this it was suggested that the vapour of a 
compound known as DuPont Experimental Product IN-3102! might also act 
as a mould inhibitor. Laboratory tests were therefore undertaken to compare 
the mould growth inhibiting powers of IN-3102 with sodium pentachloro- 
phenate. A common egg mould, Penicillium citrinum was grown in 
saturated atmospheres of vapours of both these chemicals and in several 
concentrations of IN-3102 vapour. 


The results, presented in Tables II and III, show that a saturated atmo- 
sphere of the vapour of IN-3102 had a marked inhibitory effect on the growth 
of the mould whereas that of sodium pentachlorophenate had no apparent 
effect. Colonies affected by IN-3102 were deeply furrowed and wrinkled with 


TABLE II 


EFFECT OF VAPOURS OF SODIUM PENTACHLOROPHENATE AND DUPONT EXPERIMENTAL PRODUCT 
IN-3102 ON THE GROWTH OF Penicillium citrinum THoM. 


Incubation period, days 


Treatment 2| 4 | | 2 | 4 | 16 | 18 | 2 


Colony diameter, mm.; incubation at 21° C. 


Control 7.0 | 14.2 | 22.0 | 29.8 | 38.6°| 48.5 | 58.1 | 67.4 
Sodium penta- 

chlorophenate 7.7 | 14.7 | 22.8 | 30.0 | 40.4 | 50.0 | 58.1 | 69.0 
IN-3102 a9) GS] 7:81 B.S) 6.8) 9.5.1 20.61 10.7 


Colony diameter, mm.; incubation at 4.4° C. 


Control 3.4 De | 6.9 9.1 9.9 
Sodium penta- 

chlorophenate 3.4 5.3 72 8.7 9.6 
IN-3102 35 4.5 5.5 6.1 6.5 


1 Product supplied by Canadian Industries, Limited. 


| | | 
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TABLE III 


EFFECT OF REDUCED VAPOUR CONCENTRATIONS OF DuPoNT 
EXPERIMENTAL PRODUCT IN-3102 ON THE GROWTH OF 
Penicillium citrinum THom. 


Colony diameter, mm. 
Initial 
concentration Incubated Incubated 
of IN-3102* 9 days at 6 weeks at 
4.2°C. 
0 34.8 20.5 
12.5 38.5 16.8 
25 41.5 14.8 
50 38.6 16.8 
100 38.3 12.6 
Excess IN-3102 to 
maintain 100% 14.5 5.0 
saturation 


* Expressed as percentage of saturated atmosphere. 


a wide, white aureole. It is also evident that concentrations of IN-3102 less 
than saturated were not effective and in fact, the indications are that small 
concentrations actually stimulated growth. It should be noted that adsorp- 
tion of the vapour on the surfaces of the glass containers may have occurred 
thereby reducing the effective concentrations in all cases except where excess 
IN-3102 was present. 

STERILE ARTIFIGIAL EGGs 


To study the effect of dipping treatments on external mould growth, the 
surfaces of 20 sterile artificial eggs were evenly inoculated by spraying from 
an atomizer a heavy spore suspension of Penicillium citrinum. When 
dry, the eggs were divided into five groups and treated as follows: (1) control 
(untreated), (2) dipped in oil', (3) dipped in oil containing 3% acetic acid, 
(4) dipped in saturated solution of sodium borate, (5) dipped in a mixture of 
oil and vaseline. After draining, all eggs were placed in sterile containers. 
Two from each group were stored immediately at 21°C. and 90% relative 
humidity ; to determine the effect of condensate on mould growth the remainder 
were chilled at 0° C. for 24 hr. before placing in the storage chamber. 


After three weeks’ storage mould growth was in evidence on all shells of all 
five groups. Although no quantitative measurements were made those 
receiving the sodium borate treatment had the lightest growth and those 
with the oil and vaseline treatment, the heaviest. There was no noticeable 
difference between the results for the chilled and unchilled eggs. 


1 Oil employed in these tests was a low viscosity paraffin oil used commercially for egg dipping. 
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The Effectiveness of Polyvinyl Alcohol and Other Treatments in 
Preserving Shell Eggs 


Haines and Moran (2) have demonstrated that a “rough correlation” 
exists between the porosity of an egg shell and the loss of water by evaporation 
during storage and that bacteria can be readily drawn through a shell by 
suction as the egg cools. Since it is generally considered that egg spoilage 
is caused mainly by organisms that penetrate the shell it would appear that 
sealing treatments should be at least partially effective in preventing detri- 
mental microbial growth, reducing evaporation, and preserving other attri- 
butes of quality. Although there may be practical limitations, combinations 
of sealing substances with others having mouldicidal and bactericidal proper- 
ties would appear to be ideal from the standpoint of extending storage life. 
The following experiments were designed to test various substances and 
treatments of this sort either alone or in combination. 


MATERIAL AND METHODS 


Eggs used in storage experiments were all of the first grade. Those obtained 
for the initial test were bought at local stores; those for subsequent experiments 
were purchased from egg grading stations, a careful selection of uniform, first 
quality, white shelled eggs being made. 


DuPont polyvinyl alcohol solutions, type A (low and high viscosity) and 
type B (medium and high viscosity), were prepared in various concentrations 
by dissolving with the aid of heat the required number of grams in 100 ml. 
of water. In all treatments eggs were dipped at room temperature and 
placed on racks to dry. With a current of air drying could be effected in 
about five minutes at the lower concentrations of the polyvinyl alcohols. Eggs 
were conditioned with carbon dioxide by holding for approximately 16 hr. in 
an atmosphere of the gas. In the vaseline treatment, eggs were dipped in 
warm liquid vaseline, the excess being wiped off when the egg had cooled. 


The storage chamber was set at 21° C. (70° F.) and 90% relative humidity, 
these conditions being considered satisfactory for accelerating spoilage. In 
order to assist organisms in penetrating the shell and, if possible, to stimulate 
the growth of exterior moulds by formation of,condensate, some of the eggs 
were chilled overnight at 40° F. and returned to the warm storage room. 
This was repeated several times. 


After an initial storage period of from four to five weeks the eggs were 
candled weekly and observations made on their exterior condition. Also, 
in the third experiment, quality was assessed by pH, white thickness, yolk 
index, and weight loss measurements. Eggs were broken out on a clean glass 
plate. White thickness was determined as the height of the white above the 
plate in approximately the centre of the thick white region. Yolk index was 
expressed as the height of the yolk above the plate divided by its diameter. 
Height measurements were taken with a spherometer and diameters with a 
pair of calipers. The measurements of pH were made with a Beckmann pH 
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meter. Measurements of pH and white thickness were not made on bad 
eggs and the yolk index was obtained only for those in which the vitelline 
membrane remained intact when they were broken out. 


As the numbers of eggs tested were small, and the mean percentage of 
defects following the different treatments varied considerably, the data for 
the two final experiments were subjected to an inverse sine transformation 
prior to statistical treatment. 

RESULTS 


In Table IV are summarized the results of preliminary tests on the preserv- 
ative value of DuPont polyvinyl alcohols, types A and B, when used as egg 
sealing agents. It will be seen that the storage life of all eggs receiving 
polyvinyl alcohol dips exceeded that of the control and also that the differences 
in effect between concentrations were not marked. The indications are that 
the most satisfactory results might be obtained with Type B medium viscosity 
polyvinyl alcohol containing dimethylol urea. 

The results of an experiment to study the effect of polyvinyl alcohol treat- 
ments on mould growth and air cell size of eggs held both at constant and 


TABLE IV 


EFFECT OF TREATMENT WITH VARIOUS TYPES AND CONCENTRATIONS OF POLYVINYL ALCOHOLS 
ON THE STORAGE LIFE OF EGGS HELD AT 21°C. AND 90% RELATIVE HUMIDITY 


Proportion showing internal mould or spot 
Concen- No. of rot, % 
Treatment Storage period, wk. 
4 5 6 7 8 9 10 
Control 7 86 | 100 | 100 | 100 100 | 100 | 100 
DuPont polyvinyl 
. alcohol 
Type B: 

Medium viscosity 2 6 50 67 83 83 83 83 83 
6 6 67 67 67 83 83 83 | 100 
10 4 0 0 0 75 | 100 | 100 | 100 
14 3 0 0 67 67 67 67 | 100 

14 

and 5.6% 
dimethylol 
urea 3 0 0 0 0 33 33 | 100 
18 3 0 0 33 67 67 67 67 
High viscosity 2 6 0 33 33 86 | 100 | 100 100 
6 5 0 20 20 60 80 80 80 
10 3 0 0 0 33 33 33 | 100 
Type A: 

High viscosity 2 3 0 67 100 | 100 | 100 | 100 | 100 
6 3 0 0 33 67 100 100 100 
10 3 0 0 33 100 100 100 100 
14 Es 0 33 33 33 100 100 100 
18 3 0 0 | 100 | 100 | 100 | 100 | 100 
Low viscosity 18 3 0 33 33 67 67 67 | 100 
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alternating temperatures are presented in Table V. It will be seen from the 
percentage of eggs showing interior mould or rot that the storage life of treated 
eggs held at constant temperature was from two to four weeks longer than 
the control. A statistical analysis showed that these differences were signi- 
ficant. On the other hand when subjected to alternating temperature con- 
ditions the treated eggs were only slightly better in this respect than the 
controls with the exception of those receiving treatments containing dimethylol 
urea in all of which the storage life was extended four weeks, an improvement 
that was significant statistically. Although the external moulds on a number 
of eggs from both the constant and alternated temperature groups were less 
than on the control, no definite trend is indicated. The results of those 
treatments containing dimethylol urea were better than the control in the 
fifth and sixth weeks of storage but worse in the ninth and tenth. The poly- 
vinyl alcohol coating possessed one disadvantage in that it gave mould growths 
a glossy sheen which made them more conspicuous than those on untreated 
eggs. It will be seen that formation of a large air cell was delayed in all the 
treated eggs and that within any one treatment the group subjected to alter- 
nating storage temperatures had the smaller air cells. The most usable con- 
centration seemed to be 7% of the medium viscosity, type B polyvinyl 
alcohol. 

Since mould and bacterial growth is slow at 4.4° C. and eggs subjected to 
alternating temperatures were actually held for only half the storage period 
at the lower temperature, the results at the end of a 10-week storage period 
of alternating temperatures may be compared with those obtained for eggs 
stored at constant temperature for five weeks. When this is done it will be 
seen that four of the alternated groups had greater interior spoilage and that 
all had more external mould and larger air cells. Such differences were 
statistically significant with the exception of air cell size in the treatment with 
14% polyvinyl alcohol containing 5.6% dimethylol urea. 


The observations and measurements presented in Table VI show the 


effect of a variety of treatments on the storage life and quality of eggs. From . 


an examination of the data the treatments may be grouped according to their 
effectiveness in preserving eggs. 

Excellent results were obtained by six treatments which, with one exception, 
consisted of dipping in 7% polyvinyl alcohol containing 2.8% dimethylol 
urea. These were as follows: dipped twice (No. 12), dipped first in commer- 
cial hydrogen peroxide (No. 17), dipped first in a saturated aqueous solution of 
dimethylol urea (No. 18), carbon dioxide conditioned before dipping (No. 19), 
carbon dioxide conditioned and dipped twice (No. 20), and carbon dioxide 
conditioned followed by dipping in warm melted vaseline instead of polyvinyl 
alcohol (No. 21). Although the vaseline dip proved to be the most effective 
sealing agent as judged by loss in weight, pH, white thickness, and yolk index 
measurements, it did not inhibit the growth of exterior mould. It is to be 
noted that the differences between these treatments and the control are for 
the most part highly significant statistically. 
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’ Seven treatments may be considered as giving good results. Variations 
in these, however, were more marked than in the first group, the growth of 
micro-organisms being controlled without preserving other attributes of 
quality and vice versa. Nevertheless all the measurements with only a few 
minor exceptions show statistically significant differences from the control. 
These treatments were as follows: dipped in oil and packed in sealed moisture 
resistant bags (No.2), dipped in a saturated aqueous solution of dimethylol 
urea (No. 5), dipped in a 7% polyvinyl alcohol solution containing 5% urea 
(No. 13) and the following dips in polyvinyl alcohol, 4% containing 1.6% 
dimethylol urea (No. 10), 7% containing 2.8% dimethylol urea (No. 11), 
7% containing 2.8% dimethylol urea packed in Keyes trays impregnated 
with IN-3102 (No. 15), and 7% containing 2.8% dimethylol urea followed 
by a formaldehyde dip (No. 16). 

A third group giving fair results included dips in a saturated aqueous solu- 
tion of borax (No. 6), and of urea (No. 7), 7% polyvinyl alcohol made alkaline 
with sodium hydroxide (No. 14), and the carbon dioxide conditioned eggs 
dipped in oil (No. 22). The first two treatments controlled the growth of 
organisms but had little effect on the preservation of white thickness and 
yolk index while the last two maintained these qualities with only slight 
effect on the growth of micro-organisms. 

Three treatments were little better than the control when all factors were 
considered. Although hydrogen peroxide (No. 4) reduced the growth of 
organisms it did little to preserve white thickness or yolk index. Dipping 
in 7% polyvinyl alcohol alone (No. 9) helped to retain normal white and yolk 
conditions but did not hinder mould or bacterial growth. Dip A, a commer- 
cial solution for egg dipping believed to be an oil or wax dissolved in a vola- 
tile solvent (No. 3), showed only slight improvement over the control. 


The eggs dipped in oil combined with a low concentration (0.03%) of IN- 
3102 (No. 8) were the only ones whose condition was worse than the control. 
Some of the measurements on this treatment may be misleading since only a 
few eggs were left for measurement and these were on the verge of spoiling. 
The pH of a newly laid egg is of the order of 7.6. With the loss of carbon 
dioxide the pH rises and at ordinary storage temperatures reaches 9.4 in 
about one week. When spoilage occurs the pH drops again (1). In this 
treatment the eggs were sufficiently spoiled that the pH had dropped. 

An analysis of covariance of the data provided by pH, white thickness, and 
yolk index measurements showed that yolk index and white thickness were 
positively correlated (r =.76), pH, and white thickness negatively correlated 
(yr =—.58), and similarly pH and yolk index (r = —.55). All of these coeffi- 
cients were statistically significant. In addition, statistical treatment of the 
results showed that the thinning of the thick white was not directly responsible 
for such a defect as stuck yolk within the limits of these tests. A similar 
examination showed, as might be expected, that the size of air cell was corre- 
lated with the weight loss. The mean weight loss in eggs classified as having 
large air cells was 2.80 gm., and in those with small air cells 1.34 gm. 
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Conclusions 


The most satisfactory treatment for egg preservation would appear to be 
the one that effectively disinfects a newly laid egg and at the same time seals 
it against future contamination and loss of moisture and carbon dioxide. 

None of the sealing agents (polyvinyl! alcohol, oil, Dip A, vaseline) when 
used alone sealed the egg perfectly and none exhibited bacterial or mould 
growth inhibiting properties; in fact they all appeared to enhance the growth 
of surface mould. Vaseline was the best sealing agent. Double dipping in 
polyvinyl alcohol containing 2.8% dimethylol urea and packing oil dipped eggs 
in moisture resistant bags gave good results in retaining quality in all the 
attributes measured. Exposure in an atmosphere of carbon dioxide before 
dipping had a marked effect on the preservation of white thickness and yolk 
index. 

Of the several disinfectants used (hydrogen peroxide, dimethylol urea, 
borax, urea, IN-3102), it has been shown that dimethylol urea even in small 
concentrations inhibits the growth of moulds. It also combines readily with 
polyvinyl alcohol thereby increasing resistance to the passage of water vapour 
and, since an excess was used, enhancing the mould growth inhibiting proper- 
ties of the treatment. The fact that eggs immersed in oil containing IN-3102 
were in a poorer condition than the control in many respects is no doubt 
explained by the indication that small amounts of the chemical stimulated 
mould growth. Although relatively high concentrations of IN-3102 vapour 
inhibited mould growth its use commercially is precluded by the unpleasant 
taint that it imparts to the egg. In flavour tests it was possible to detect 
its presence even when very small amounts were used and for this reason alone 
it would have to be rejected as a practical treatment. It is evident also that 
none of the disinfectants contributed anything other than hindering the 
growth of micro-organisms although dimethylol urea appeared to strengthen 
the vitelline membrane and to a lesser degree prevented the thinning of the 
thick white. ; 

It is also evident that coridensate formed when chilled eggs are brought in 
contact with warm, moist air is an important factor in the growth of exterior 
mould and that temperature changes also tend to increase the incidence of 
interior mould growth and spot rots. 

Treatments that do not require the eggs to be dipped would probably be 
the easiest and most economical to apply commercially. This type, however, 
proved to be the least effective of those tested. Since oil dipping of eggs 
has been applied commercially, all treatments involving a single dip would 
appear to be practicable, provided the substance used can be applied as easily 
and at no greater cost than that for oil. The tested treatments of this type 
were generally of intermediate effectiveness although some of them were of 
little value. The most effective treatments were those involving either two 
dips or other two-stage treatments. Their commercial practicability cannot 
be assessed from these experiments since equipment and procedures for large 
scale operations have not been developed. 
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MARINE MACROPLANKTON FROM THE CANADIAN 
EASTERN ARCTIC 


II. MEDUSAE, SIPHONOPHORA, CTENOPHORA, PTEROPODA, 
AND CHAETOGNATHA! 


By M. J. DUNBAR? 


Abstract 


Thirteen species of medusae, one siphonophoran, two ctenophores, two ptero- 
pod molluscs, and two chaetognaths are recorded from coastal waters of the 
Canadian eastern Arctic, many of them for the first time. All except one are 
known to be arctic or arctic—boreal species. 


Hybocodon prolifer L. Agassiz has not hitherto been recorded from Arctic 
water. Specimens answering to this species were found by the author in large 
numbers at Lake Harbour, on Hudson Strait. The determination of the medusa 
is possibly not satisfactory, and cannot be considered certain until the hydroid 
is found. No species of Hybocodon has been recorded from Greenland water, 
however, and hence this discovery may be useful to distinguish Canadian polar 
water from water of the Greenland current. 


Introduction 


The material described in this paper was collected during the summers of 
1939 and 1940, in the coastal water of Baffin Island and northern Labrador. 
Collecting stations were at Hebron, Port Burwell, Lake Harbour, Gabriel 
Strait, Frobisher Bay, Pangnirtung, Clyde River, Pond Inlet, Arctic Bay, and 
Fort Ross (13). The details of method, the hydrography of the area, a general 
introduction, and a map showing the collecting stations have been given in 
the first paper of this series (13). As in that paper, the convention of using 
parentheses around the names of authorities for species whose genus has been 
changed since the original naming of the species has been abandoned, following 
the practice of Osgood (42) and others. 


I. MEDUSAE 
ANTHOMEDUSAE 


Family CODONIDAE 
Sarsia tubulosa M. Sars ; 

Syn. Sarsia mirabilis L. Agassiz 

Taken at Hebron, Lake Harbour, Gabriel Strait, Frobisher Bay, Clyde River, and Arctic 
Bay. Common. 

In considering S. tubulosa as synonymous with S. mirabilis, the lead of Kramp (31) has 
been followed. Kramp, working on the material of the ‘‘Ingolf”’ expedition, brought to an 
end a long-felt doubt as to the validity of Hartlaub’s (22) many species of Sarsia by putting 
several together under the name S. tubulosa. Levinsen (37), in describing specimens from 
west Greenland, says: ‘‘When I refer these specimens ..... to this species [mirabilis] 
and not to Sarsia tubulosa, it is only because Sarsia mirabilis is found on the American coast. 
It is very difficult to distinguish sharply between the two species.” Mayer (39) calls mirabilis 
“‘Sarsta tubulosa, var. Sarsta mirabilis L. Agassiz’’, and the differences that he quotes between 
the varieties are very slight. Hartlaub himself, who separates the two as species, is doubtful 


1 Manuscript received September 5, 1941. 
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as to their validity: ‘‘Die Frage ob Sarsia mirabilis Ag. eine gute Art und nicht etwa identisch 
mit S. tubulosa Lesson ..... ist, kann einstweilen noch fiir unerledigt gelten. Die Medusen 
gleichen manchen der als Sarsia tubulosa aufgefassten, europdischen Quallen ganz ausseror- 
dentlich. Solange aber ein Vergleich authentischer Stiicke nicht ausgefiirht ist, lasst sich 
nichts bestimmtes sagen”’ (22). Such a comparison has now been made by Kramp (31): 
se Hartlaub has made an attempt to unravel the northern species, without, however, 
to attain a final result. I have never willingly believed in these many species, because my 
examination of material from Denmark, Norway, the Faeroe Islands, Iceland, and west Green- 
land demonstrated that each of the features which, according to Hartlaub, constitute the 
characteristics of the various species ..... might occur in material from different localities 
in every possible combination.’’ The present material from the eastern Arctic shows the 
same variation in characters as does Kramp’s material, for instance, the great variation in 
the development and shape of the apical canal. 


S. tubulosa, then, in the broader sense, is known from the boreal and arctic coasts of 
Europe, the Atlantic coast of North America, the Pacific, Iceland, Greenland, and the Siberian 
Sea (22, 37, 51, 47, 20, 35, 28, 31, and 32). It has been recorded from Labrador (2), and from 
Newfoundland (19). 

One abnormal specimen, with one radial canal branched into two, and with five tentacles, 
was taken at Lake Harbour. 


Sarsia princeps Haeckel. Taken at Lake Harbour, Gabriel Strait, Frobisher Bay, and 
Fort Ross. Twenty specimens. 

This species is easily distinguished by its large size, shape somewhat narrower than 
S. tubulosa, and above all by the club-shaped so-called apical canal, which widens out at the 
distal end. Kramp (31) points out that this canal is in reality no true canal, the greater part 
being solid. He adds that ‘“‘the shape of the distal dilatation is subject to great variation.” 
At Gabriel Strait, one abnormal specimen was taken in which the mouth was divided into 
three parts. 

S. princeps has been found in the American Arctic at Collinson Point and Point Barrow, 
Alaska (5), and from Labrador and Newfoundland (2); it has also been recorded from New- 
foundland by Pinhey (44), Frost (19), and Kramp (30). 

Further distribution: S. princeps belongs to Arctic water. It has been recorded from 
Greenland, Spitsbergen, Barents Sea, and the arctic coasts of Europe. 


Fic. 1. Diagram of two specimens of Hybocodon (?) prolifer L. Agassiz showing extremes 
of variation in width of the radial canal on the side bearing the tentacle. 


Hybocodon (?)prolifer L. Agassiz (Fig. 1). Taken in enormous numbers during July and 
August at Lake Harbour; about 5900 specimens in 1939, and 720 in 1940. 


Hybocodon prolifer is very common in summer off the New England coast (20). It is 
known from Dutch Harbour on the Bering Sea (3), from Vancouver (16), southern Iceland, 
Norway, the British Isles (31), and from Newfoundland (19). The present specimens are 
identical with the description and figures of Hartlaub (22) and Kramp (31). The five rows 
of nematocysts are clearly visible, and their arrangement is typical. The length of the 
manubrium and the arrangement of the gonads also agree with previous descriptions; the 
length of some of the specimens is as much as 5 mm., as against 4 mm. quoted by Hartlaub. 
The radial canal on the side bearing the tentacle varies a little in width, the extremes being 
illustrated by the two specimens drawn in Fig. 1. It is never so broad as is described for 
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H. christinae Hartlaub, a form reported only from Bear Island and Bodé, in Norway. ye 
to Bigelow (3), however, the medusae of H. prolifer and H. christinae closely resemble eac 
other, although the hydroids are easily distinguishable. It seems best, therefore, to refer 
these specimens to H. prolifer provisionally, until the hydroids are found. 


The record is interesting, and the distribution appears to be very local. On July 30 and 
31, 1940, Hybocodon was taken at Lake Harbour; none was found at Gabriel Strait or Fro- 
bisher Bay between August 4 and 10, but on returning to Lake Harbour on August 14 large 
numbers appeared again in the plankton. 

The record of Hybocodon prolifer from Newfoundland is published briefly in a report 
of the Newfoundland Fishery Research Commission. It is not qualified by date or locality, 
and after the species name, Frost has put “prolifer tentative’ (19). It is possible, on the 
— record from Hudson Strait, that she found it in Arctic water, which is abundant at 

ewfoundland, particularly in the spring. From the distribution on the western side of 
the Atlantic this species would appear to lee to Lancaster Sound water and not to Green- 
land water. No species of Hybocodon has been recorded from the Greenland coasts, nor from 
Spitsbergen, and it is not known to be an arctic species at all. According to Kramp (31): 
“Hybocodon prolifer is a northern-boreal species, occurring all along the boreal coasts of 
Europe, but not penetrating into true arctic regions; it is, for example, neither found at the 
east coast of Iceland nor at the arctic coasts of Norway;” and Kramp and Damas (35) say: 
“Elle ne pénétre pas dans les régions strictement arctiques”’. 


If these specimens should be confirmed as H. prolifer, on discovery of the hydroid, then 
the range of the species is considerably and remarkably extended. It is too early yet to put 
very much weight on the fact that it was taken at one station only; it is possible that the 
seasonal life of the medusa is short, and since the amount of tow-netting that has been done 
in the Canadian Arctic up to the present work is very small, the record must remain isolated 
pending further field work. 

As to the determination of the specimens, they agree so closely with the existing descrip- 
tions of H. prolifer that there is little doubt of the determination being correct. In view of 
the present known distribution of the species, however, and since the hydroid form is not yet 
known from the same locality, it is necessary to treat the identification with reserve. 


Family MARGELIDAE 


Bougainvillia superciliaris L. Agassiz. Taken at Hebron, Lake Harbour, Gabriel Strait, 
and Frobisher Bay. Common. 


The presence of a short but distinct peduncle, the inter-radial position of the gonads, and 

the development of the planulae while still attached to the gonads, fix these specimens as 
B. superciliaris. The number of tentacles in each bunch may be as high as 20. _Hartlaub (23) 
says that the tentacle number per bunch in superciliaris is ‘11-15, seltener bis zu 22”. 
B. superciliaris has been recorded from Labrador, just south of Nain, by Bigelow (2), 
but from nowhere else in the American Arctic. It has been recorded from the Straits of Belle 
Isle (43), Newfoundland (19), Attu Island, in the north Pacific (3), west Greenland (28, 31, 
and 37), the east coast of North America (20, 4), Spitsbergen and Bear Island (1, 35), the 
North Sea, and the Norwegian coast (23). 

According to Kramp (31) it is a native of Arctic water. Quoting from Kramp and 
Damas (35): “En allant du sud au nord, on passe du domaine de Bougainvillia britannica & 
celui de B. principis pour entrer dans celui.de B. superciliaris, espéce circumpolaire.” 


Rathkea octopunctata M. Sars 
Syn. Rathkea blumenbachiit Rathke 
Thirteen specimens, taken at Lake Harbour. 


Recorded in Arctic America from Cooper Island, off Point Barrow (5). The synonymy 
of this species is rather complicated. Bigelow (2) records Lizzia octopunctata Forbes from 
Newfoundland, and considers it proved to be generically separated from Rathkea octopunctata 
Haeckel. Hartlaub (23) on the other hand, has decided that L. octopunctata, R. octopunctata, 
and R. blumenbachii are all synonymous. Mayer (39) puts L. octopunctata and R. octopunctata 
together, but separates R. blumenbachii from both of them. Kramp (31), who has made a 
study of much of the original material, has put all three together under the name R. octo- 
punctata M. Sars, giving full reasons for retaining the name R. octopunctata rather than accept- 
ing R. blumenbachit as used by Hartlaub. 

With the synonymy thus straightened by Kramp, this species, under the name Lizzia 
octopunctata, was recorded from Newfoundland, as mentioned above, by Bigelow. It is 
widely distributed in arctic and boreal seas, from Dutch Harbour (3) to the Barents Sea 
and the White Sea, and extending as far south as Bermuda and the Mediterranean (31). 
It is recorded also from the coast of British Columbia (51). 
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Family TIARIDAE 


Halitholus pauper Hartlaub. Taken at Lake Harbour and Frobisher Bay. Very common 
during July and August. 


Halitholus cirratus Hartlaub. Taken at Hebron, Lake Harbour, Gabriel Strait, Frobisher 
Bay, Arctic Bay, and Fort Ross. Common, but not caught in such large numbers as H. pauper. 


The genus Halitholus, in the Arctic, is represented only by these two species, both first 
described by Hartlaub in 1914 (24). H. cirratus has been taken also in the Kattegat and 
’ Danzig Bay (24), and it has been recorded from the north coast of Alaska (5), and from New- 
foundland ‘waters (19). Fewkes’ (15) Tiara conifera, from Grinnell Land, has been referred 
to H. pauper (24). These present records confirm the circumpolar distribution of the genus 
in the northern hemisphere. 


Leuckartiara brevicornis (?) Murbach and Shearer. Taken at Lake Harbour. 

The specimens are not fully mature, and identification is difficult. They have the 
horseshoe-shaped gonads typical of the genus Leuckartiara, and cannot therefore be referred 
to the next, and closely related genus, Catablema. 


L. breviconis is known from Alaska, southwest Greenland, Iceland, southwest Norway, 
and north Scotland (31). 


Catablema vesicaria A. Agassiz. Taken at Lake Harbour and Pond Inlet. Forty-six 
specimens. 

Recorded from Labrador (2). Catablema vesicaria is an arctic and boreal species, known 
from West Greenland (31, 37), Iceland (31), Spitsbergen, Bear Island, Barents Sea (24), 
Bering Sea (3), Massachusetts Bay, and Woods Hole (20). 


LEPTOMEDUSAE 


Family MITROCOMIDAE 
Tiaropsis multicirrata M. Sars 
Syn. Tiaropsis diademata L. Agassiz 
One specimen taken at Clyde River, September, 1940. 


Recorded from the Bering Sea and North Pacific (3), Straits of Belle Isle and east New- 
foundland (43, 44, 19), coasts of Europe from the English Channel to the Barents Sea and 
West Greenland (33), Massachusetts Bay, rare at Woods Hole (20). 


TRACHYMEDUSAE 


Family PTYCHOGASTRIIDAE 


Ptychogastria polaris Allmann. One specimen from Lake Harbour, July, 1939. 

A circumpolar Arctic form, known from the Bering Sea, Smith Sound, Davis Strait, 
Greenland coasts, Spitsbergen, Murman coast, Norway (9); Hebron and Cape Mugford, 
Labrador (2); also found further south in deep water; Nova Scotia (9); Winter Harbour (8). 
The most southerly record in Europe is from Hjérundfjord in west Norway (35). 


Family TRACHYNEMIDAE 
Aglantha digitale Miiller. This very common northern and Arctic species was taken at 
Hebron, Burwell, all the Baffin Island stations, and Fort Ross, in large numbers 
NARCOMEDUSAE 
Family AEGINIDAE 


Aeginopsis laurenti Brandt. Taken at Hebron, Lake Harbour, Gabriel Strait, Frobisher 
Bay, Clyde River, Arctic Bay, and Fort Ross 

Recorded in the American Arctic from Collinson Point, Alaska (5), Labrador and New- 
foundland (2), and the Bering Straits (7). Known also from Greenland (38 and 21), Norway 
(35), and many other stations in Arctic water. It is one of the most typical of Arctic medusae. 


SCYPHOMEDUSAE 


Small ephyrae of the Scyphomedusae, not identifiable further, were taken at Lake Harbour, 
Fort Ross, and Arctic Bay. Twenty-seven specimens. 
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II. SIPHONOPHORA 
Family DIPHYIDAE 


Diphyes arctica Chun. One specimen from Clyde River, September, 1940. 


According to Kramp (27) Diphyes arctica is an Arctic water species. It was found by 
the Plankton Expedition of 1889 “‘in the boundary between the Gulf stream and the Irminger 
Sea’’, west of Greenland, in the North Sea, and at Bear Island and Spitsbergen (50, 10). In 
the Gulf of Maine it has been shown (6) to be an indicator, in the intermediate layers (below 
50 metres), of mixed Arctic and Atlantic water. 


Ill. CTENOPHORA 
Family CYDIPPIDAE 
Mertensia ovum Fabricius. Taken at Hebron, Lake Harbour, Gabriel Strait, Frobisher 
Bay, Pangnirtung, Arctic Bay, and Fort Ross. Common. , 
An Arctic species, almost certainly circumpolar (49, 2, 40). 


Family BEROIDAE 
Beroé cucumis Fabricius. Taken at Port Burwell, all the Baffin Island stations, and at 
Fort Ross. Very common. 


An Arctic species, found at Labrador and Newfoundland (11, 2, 43, 44), Point Barrow (5), 
uo Strait (14), and from Spitsbergen, north Pacific, Norwegian coasts, and the North Sea 


IV. PTEROPODA (Mollusca) 
Family LIMACINIDAE 


Limacina helicina Phipps. Taken at Hebron, Port Burwell, Lake Harbour, Fort Ross, 
Pond Inlet, Arctic Bay, Gabriel Strait, Frobisher Bay, and Clyde River; at Clyde River found 
also in the stomach of a ringed seal, Phoca hispida Schreber. Number of specimens, 2460. 


An Arctic species ‘seldom found south of the 60th parallel” (36), but recorded from 
England and the coast of Provence by Odhner (41). This species has already been recorded 
from several stations in the eastern Arctic of Canada (26). 


Family CLIONIDAE 
Clione limacina Phipps. Taken at Hebron, Lake Harbour, Fort Ross, Pond Inlet, Arctic 
Bay, Pangnirtung, Gabriel Strait, and Clyde River. One hundred and sixty-seven specimens. 


Found in all Arctic seas, off the coasts of Norway, Scotland, and the Atlantic coast of 
North America. It has already been recorded from many stations in the eastern Arctic (26). 


V. CHAETOGNATHA 


Sagitta elegans Verrill var. arctica Aurivillius. Taken at Hebron, Burwell, Fort Ross, 
and all the Baffin Island stations except Arctic Bay. Number of specimens, 4250. 

Sagitta elegans arctica has been found in most Arctic waters, from Spitsbergen (46), 
west Greenland (29, 34, 12), east Greenland (32, 48), etc. The entry of cold water into the 
Gulf of St. Lawrence brings arctica with it (25). It has been recorded from the Firth of Forth 
and between the Faeroes and Shetlands (17, 18). It was found by the Godthaab expedition 
in Jones Sound, the mouth of Lancaster Sound, Cape Walsingham, and at the east end of 

Hudson Strait (34). 


Eukrohnia hamata Moébius. Taken at Hebron, Lake Harbour, Frobisher Bay, and Clyde 
River. Twenty-two specimens. 


Ritter-Zahony (45) gives the distribution of this species as ‘cosmopolitan, mesoplanktonic, 
in higher latitudes holoplanktonic. Bipolar”. The Godthaab expedition found it at several 
stations on the west side of Baffin Bay, Davis Strait, and the Labrador Sea, as well as all up 
the west coast of Greenland (34). 


Conclusion 


As in the case of the amphipods of the present collection (13), the list 
published here is composed of species known to be arctic and arctic-boreal 
in distribution, with the one exception of Hybocodon prolifer. Four of the 
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species, namely Ptychogastria polaris, Sarsia princeps, Aeginopsis laurenti, and 
Mertensia ovum, are cited by Bigelow (5) as being typical Arctic species, 
and at all times and places sound indicators of Arctic water. The same is 
probably true of Halitholus pauper. Of the remainder, Catablema vesicaria, 
Halitholus cirratus, Tiaropsis multicirrata, Bougainvillia superciliaris, and 
Diphyes arctica have been found also in water of more temperate character, 
and others, notably Rathkea octopunctata, Aglantha digitale, Leuckartiara 
brevicornis, and Sarsia tubulosa are as much at home in northern Atlantic 
water as in Arctic water. The case of Hybocodon prolifer is exceptional, and 
must remain as a possibly most remarkable record until the hydroid is dredged. 
It has been pointed out (13) that the euphausiids Thysanoessa inermis Kroyer 
and Thysanoessa raschii M. Sars, and the mysid Boreomysis nobilis G. O. Sars 
may be useful in distinguishing Canadian polar water from Greenland water. 
The discovery of Hybocodon in the eastern Arctic has the same implications. 
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